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SECTION  I 


INTRODUCTION 

This  riiport  is  suhinitted  by  tiu'  Ordiiaiice  Division  ol'  FMC  Corporation  in 
fullilmonl  of  Bui'cau  of  Sliips  C'ontracf  Niinibor  NObs-4464.  Tho  rcM)orl 
ck'scr il)('s  tho  oonoopt  study  conductod  for  tlio  'rracked  Amphibian  Porson- 
nol  and  Cargo  Carrier,  LVTPXll. 

T(3  more  clearly  i)resenl  file  study  results,  the  conclusions  are  given  in 
the  form  of  complete  vehicle  designs.  Comj)(jnenls  have  been  evalualc'd, 
and  the  comparisons,  advantages,  and  disadvantages  are  presented  in 
Volume  I  of  fliis  rei)ort.  Substantiating  data  is  included  in  Volumes  II  and 
IV  as  appendixes  to  the  basic  report.  A  discussion  of  the  armor  analysis 
is  included  as  a  separate  volume  (Volume  III)  lo  preclude  applying  a 
"Confidential”  security  classification  to  the  entire  report. 


SECTION  II 


SUMMARY 

The  developnieni  uf  an  inipruvcd  Tracked  Amphibian  Personnel  and  Cargo 
Carrier  which  will  luuet  Ihe  development  characteristics  specified  for  the 
LVTPXll  is  feasible.  The  vehicle  concepts  resulting  from  this  study  will 
meet  the  operational  requiremenls  for  Landing  Force  Amphibian  Assault 
Veliicles. 

OBJECTIVE 

The  objective  of  this  study  is  to  provide  data,  information,  and  a  design 
concept  of  a  vehicle  for  the  transport  of  infantry,  infantry  weapons,  and 
cargo,  from  ship  to  shore  and  to  inland  objectives,  and  to  provide  fire 
support  in  amphibious  operations.  Although  the  vehicle  is  envisioned  as  the 
basic  configuration  for  a  family  of  vehicles  to  accomplish  this  mission,  the 
primai’y  emphasis  has  been  placed  on  the  personnel  and  cargo  carrier.  Various 
other  configurations  to  provide  ju’tillery  support,  air  defense,  mine  and 
obstacle  cleai'ance,  and  recovery  capability  were  studied  only  in  sufficient 
detail  to  insure  compatibility  witli  the  basic  configuration. 

APPROACH 

There  are  several  guidelines  that  were  used  in  this  study  program:  first, 
the  "Development  Chai’acteristics",  which  established  the  ground  rules; 
second,  FMC's  experience  and  knowledge  gained  from  20  years  of  designing 
and  building  amphibious  vehicles;  third,  the  state-of-the-art  or  the  develop¬ 
ment  status  of  materials  and  components.  FMC's  goal  was  to  delineate 
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vehicle  concepts  having  optimum  performance  based  on  technological 
advances,  using  components  and  materials  which  would  be  realities,  not 
promises,  and  which  are  producible  in  quantity  at  a  reasonable  price  and 
on  schedule. 

In  addition  ot  the  general  design  considerations  of  simplicity,  long  trouble, 
free  life,  ease  of  maintenance,  and  economy  of  operation,  the  following 
specific  considerations  were  essential,  in  order  to  obtain  a  meaningful 
result  from  this  study. 

•  Ability  of  the  vehicle  to  perform  its  mission  -  The  final  authority 
of  this  capability  will  of  course  be  the  user,  however,  in  order  to 
establish  design  parameters,  it  was  necessary  to  investigate  the 
tactical  operational  aspects  and  to  establish  a  priority  of  requirements. 
A  brief  operational  analysis  is  presented  in  Section  3. 1.  As  a  result 
of  this  study,  two  vehicles  are  presented  in  this  report  in  equal 
detail.  These  are; 

•  Maximum  Armored  Vehicle 

•  Maximum  Water  Performance  Vehicle 

The  first  has  been  optimized  for  land  performance  and  has  the 
maximum  ai'mor  protection  consistent  with  a  35,  000-pound  GVW. 
Tracks  propel  it  in  the  water  at  speeds  of  from  7  to  7-1/2  mph. 

The  second  vehicle  has  been  designed  for  increased  water  perfor¬ 
mance,  9  to  9-1/2  mph,  and  uses  a  propeller  for  water  propulsion. 

This  is  the  highest  speed  obtainable,  using  only  the  power  required 
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for  land  operations,  as  specified  by  the  "Development  Character¬ 
istics".  A  higher  water  speed  can  be  obtained,  if  desired,  by  in¬ 
creasing  the  engine  horsepower.  The  latter  vehicle  is  also  28  inches 
longer  and  6  inches  narrower  than  the  former,  in  order  to  decrease 
hull  resistance  and  provide  space  for  the  propeller.  To  compensate 
for  the  approximately  1,  500  pounds  added  for  the  propeller  drive, 
there  is  less  armor  on  this  vehicle. 

Before  the  final  vehicle  configurations  were  established,  many  dif¬ 
ferent  hull  shapes  were  tow  tested  to  determine  the  best  lines  and 
to  obtain  quantitative  data  on  hull  resistance.  There  is  a  detailed 
discussion  with  photos  of  all  the  configurations  tested  in  Section  3. 9 
and  in  Appendix  E.  There  is  also  a  16mm  motion  picture  of  the  tests 
performed  on  the  two  optimum  vehicles  which  is  submitted  as 
Appendix  G. 

One  major  deviation  has  been  made  from  the  requirements  stated 
in  the  "Development  Characteristics".  In  both  of  the  vehicle  con¬ 
figurations,  the  GVW  of  35,  000  pounds  includes  6,  000  pounds  of 
cargo,  instead  of  the  10,  000  specified.  This  was  done  in  order  to 
provide  the  maximum  amount  of  armor  for  the  vehicle  in  its  primary 
mission  of  cai'rying  troops  in  combat.  The  6,  000  pounds  is  equivalent 
to  the  weight  of  27  fully  equipped  troops.  If  a  greater  cargo  capacity 
is  mandatory  within  the  35,  000-pound  GVW,  armor  protection  must 
be  reduced.  However,  the  vehicle  presented  can  carry  more  than 
6,  000  pounds  at  a  slight  decrease  in  performance. 

•  Economical  production  of  the  LVTPXll  -  This  factor  has  been 
considered  in  arriving  at  the  recommended  configuration  and  in 


GENERAL 


I'O.'.ER  RACK  AGE 


Weigh!  (cufb) 

V/eight  (groii  vehicle) 

C.  of  G  .  154  ii; .  Afi  of  8ow 

Unit  Ground  Pfeiivre  5.9  psi 
Crow 

Troop  Copocity 
armor  (See  Fig.  2.3) 

Moreriol: 
or  composite: 


29,000  lb 
35,000  lb 

49  in.  Above  Ground 
GV.V 

2  (DRIVER,  ASSr.  DRIVER) 
27 


ALUMINUM  ALLOY  5083 
ALUMINUM  ALLOY  5083  AND 
riTANIUM  ALLO't  6AL-4V  OR 
ZIG-ZAG 


VISION  AND  SIGHTING  EQUIPMENT: 

Periscope,  Driver's  Vision  TYPEMIZ  (8  eo) 

Periscope,  Driver's  I  ,R .  TYPE  MI9  (I  eo) 

ARMAMENT 

Primary:  GUN,  MACHINE,  7.62mm  M73C 

AMMUNITION 


1000  ROUNDS  7.62  mm 


RUNNING  GEAR 


Suspension  Type 

INDIVIDUAL  TORSION  BAR 

No.  of  Wheels 

6  DUAL  EA  SIDE 

Wheel  Size 

24  IN. 

Trock  Type 

SAND  V//CROSS  BARS 

No.  Secfions/Track  1 1 

Pifeh 

5.6  IN.  Width  21  IN. 

No.  Bors/Seefion  8 

Tires:  NO.  24 

Type 

SOLID  RUBBER  Size  24  IN.  x  3-1/2 

Engitte 


rhote  CUMMtNS 
Displocement  785  cu.  in. 
Governed  Speed  3000  RPM 
fuel 


Model  V 8-300  Type 

Bore  5-l/'2  Stroke 

Compression  Rotio 


DIESEL  ' I,  '2,  JP4,  JP5,  & 

MIXTURE  10  PTS  GASOLINE  TO 
I  PT  LUBE  OIL  W/KIT 

Mo« .  Gross  HP  300  3000  RPM 

Mqa  .  Net  HP  |lo  transmission)  250 
Mov  Gross  Torqire  580  LBfT  2100  RPM 

Mo,.  Net  Toiqoe  525  LB  FT  1800  RPM 

hSoiri  Cooliisg  System  LIQUID 

Oil  Cooling  System  OIL/V7ATER 


Capacity 


3000  RPM 


DIESEL 
4-1/8 
15  :  I 
125  GAL. 


Power  Train  (w,  o  Final  Drive) 

Type  ALLISON  Model  XTG-250 

Hydroulic  Converter  1  STAGE 
Stoll  Multiplicolion  2.55:  I 

O.A.  Usable  Rotio  15.7  :  1 

22.6:1  LOW  3.67:1  HIGH  17.2:1  REV^  7.70:1  REV^ 

Steering  Ratio  1.475:1  G.S.&PIVOT 
Turning  Radius  31  FT  G. 5.  6  FT  PIVOT 

(to  center  vehicle) 

Steeling  Control  HYDRAULIC  AND  MECHANICAL 

Brakes  MULTIPLE  WET  PLATE  -  SERVICE 

MECHANICAL  -  PARKING 
Oil  Cooling  System  OIL/\VATER 


Find  Redirclion 

Type  GEARED  Ratio  2.82  :  I 

ft/^ev  5.5 

Effective  Sprocket  Pitch  Diameter  1. 75  FT  No.  of  Teeth  II 


ELECTRICAL  SYSTEM 

Generator,  Amperes 
Battery,  Type  NI-CAD  12  V 
Ignition  System 

COMMUNICATIONS 
Radio  Set 

FIRE  EXTINGUISHER 

Fixed  lOIbCO^ 


24  V  NOMINAL 

100  AC  V//RECT.  4  REGULATOR 
Quantity  4 
COMPRESSION  (DIESEL) 


PERFORMANCE 

Gross  HP  to  Weight  Rotio 
Max .  Troctive  Effort 
Max .  Speed 

Max .  Trench 
Max .  Grode 
Max .  Vertical  V/all 
Max  .  Side  S  lope 
Max .  Surf 
Cruising  Range 


17.2  HP/TON 

40,500  LB 

40  MPH  LAND 

7  to  7-1/2  MPH  WATER 

8FT 

70% 

29  IN. 

60% 

lOFT 

250  Ml  LAND  MINIMUM 
62  Ml  WATER  gMAX.  POWER 


COLLINS  618T  or  AN/PRC  47 
Portable  5  lb  CO.^ 


FIGURE  2.  1 
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MAXIMUM 
ARMORED  VEHICLE 


selecting  the  major  components.  It  is  assumed  that  the  LVTPXll 
development  program  would  culminate  in  production  in  1965. 

DEVELOPMENT  FEASIBILITY 

Both  vehicle  concepts  presented  include  the  same  set  of  major  components. 
The  selected  components  are  believed  at  this  time  to  be  the  best  available, 
based  on  the  required  development  schedule.  Many  alternate  components 
currently  being  developed  by  both  Government  and  industry  have  been  re¬ 
viewed,  and  the  details  of  some  of  these  are  included  in  this  study.  During 
the  course  of  the  design  of  an  improved  LVT,  the  current  status  and  test 
experience  of  each  new  material  and  component  should  be  reviewed  for  pos¬ 
sible  inclusion  in  the  finalized  design.  Because  of  the  continuing  advances 
being  made,  it  is  essential  that  the  vehicle  designer  use  his  background  as 
a  basis  for  review  of  each  of  the  latest  developments  in  materials  and  compo¬ 
nents,  to  assure  that  full  advantage  is  taken  of  the  latest  accomplishments 
in  technological  development. 

MAXIMUM  ARMORED  VEHICLE 

The  major  operational  and  physical  characteristics  of  this  vehicle  are  shown 
in  Figure  2.1.  The  salient  features  are: 

•  Welded  Aluminum  Hull 

•  Composite  Armor  (Aluminum-Titanium  or  Zig-Zag) 

•  Rounded  Hull 

•  Front  Ramp 


GENERAL 


PO’.VER  PACKAGE 


V/eighr  (curb)  29,0ia)  lb 

Weight  (groii  vehicle)  35,000  lb 

C .  of  G  .  163  in .  Aft  of  6ow  *19  in ,  ^bovc  Ground 

Unit  Ground  Procure  6,9  pii  GW. 

Crew  2  (DRIVER,  ASST.  DRIVER) 

Troop  Capacity  27 

ARMOR  (See  Fig.  2.4) 

Moferiol:  ALUMINUM  ALLOY  5083 

or  composite:  ALUMINUM  ALLOY  5003  AND 

TITANIUM  ALLC'Y  6AL-4V  OR 
ZIG-ZAG 


Engine 

Mokc  CUfAMlNS  Model  VB-300  DIESEL 

Displocemeni  785  cu,  in.  Bore  5-1/2  Stroke  4-1/8 

Governed  Speed  3000  RPM  Compression  Rotio  15  ;  1 

fuel  DIESEL'l, '2,  JP4,  JP5,  i  Copocily  125  GAL. 
MIXTURE  10  PTS  GASOLINE  TO 
I  PT  LUBE  OIL  V//KIT 

Mo».  Gross  HP  300  3000  RPM 

MofL.NetHP  (to  Irommlssion)  250  30CO  RPM 

Mox  .  Gross  Torque  560  LB  FT  2100  RPM 

Mox .  Net  Torque  525  LB  FT  1800  RPM 

Moin  Cooling  System  LIQUID 

Oil  Cooling  System  OIL/WATER 


VISION  AND  sighting  EQUIPMENT: 

Periscope,  Driver's  Vision  fYPE  Ml  7  (8  eo) 

Periscope,  Driver's  I.R.  T'l'PC  M19  (I  eo) 

ARMAMENT 

Primary:  GUN,  MACHINE,  7.62mtn  M73C 

AMMUNITION 

1000  ROUNDS  7.62  mm 

RUNNING  GEAR 

Suspension  Type  INDIVIDUAL  TORSION  BAR 

No.  of  Wheels  6  DUAL  EA  SIDE 

Wheel  Size  24  IN  . 

Track  Type  BAND  W/CROSS  BARS 

No.  Sections/Track  11  Pitch  3.6  IN.  Width  18  IN. 

No.  Bors/Section  8 

Tires:  NO.  24  Type  SOLID  RUBBER  Size  24  IN.  x  3-1/2 

ELECTRICAL  SYSTEM  24  V  NOMINAL 

Generator,  Amperes  lOOACW/RECT.  &  REGULATOR 

Battery,  Type  NI-CAD  12  V  Quontity  4 

Ignition  System  COMPRESSION  (DIESEL) 


Power  Troin  Wo  Final  Drive) 

Type  ALLISON  Model  XTG-250 

Hydroulic  Converter  1  STAGE 
Stoll  Multiplicotion  2.55  :  1 

O.A,  Usable  Ratio  15.7  :  I 

22.6:1  LOW  3.67:1  HIGH  17.2:1  REV^  7.70:1  REV^ 

Steering  Ratio  1.475:1  G.S.&  PIVOT 

Turning  Rodlus  3IFTG.S.  6FTPIVOT 

(to  center  vehicle) 

.Steering  Control  HYDRAULIC  AND  MECHANICAL 

Brakes  MULTIPLE  WET  PLATE  -  SERVICE 

MECHANICAL  -  PARKING 
Oil  Cooling  System  OIL/WATER 

Finol  Reduction 

Type  GEARED  Ratio  2,82  :  1 

Ft/Rev  5.5 

Effective  Sprocket  Pitch  Diameter  1 .75  FT  No.  of  Teeth  11 
Propeller 

Type  4  BLADE  KAPLAN  W/KORT  NOZZLE 

Diameter  32  IN.  Pitch  32  IN. 

Speed  700  RPM  MAXIMUM 

PERFORMANCE 


COMMUNICATIONS 

Radio  Set  COLLINS  618T  or  AN/PRC  47 

FIRE  EXTINGUISHER 

Fixed  10  lb  CO^  Portable  5  lb  CO^ 


Gross  HP  to  Weight  Ratio 
Max .  Tractive  Effort 
Max .  Speed 

Max .  Trench 
Max.  Grade 
Max ,  Vertical  Wall 
Max .  Side  Slope 
Max.  Surf 
Cruising  Range 

FIGURE  2.2 


17.2  HP/TON 

40,500  LB 

40  MPH  LAND 

9-9  1/2  MPH  ON  WATER 

8FT 

70% 

29  IN. 

60% 

10  FT 

250  Ml  LAND  MINIMUM 
78  Ml  WATER  aMAX.  POWER 


2.6 


SUMMARY 


COMPONENTS 


•  Major  Components  Proven  or  Under  Development 

•  Flexibility  to  Incorporate  Future  Developments 

•  Rear  Drive 

•  Track  Propulsion  for  Land  and  Water 

•  Lightweight  Components 

•  Improved  Land  Mobility 

•  Compatible  with  a  Family  of  Vehicles 

MAXIMUM  WATER  PERFORMANCE  VEHICLE 

The  major  operational  and  physical  characteristics  of  this  vehicle  are  shown 
in  Figure  2.2.  The  salient  features  are  identical  with  those  listed  above  for 
the  Maximum  Armored  Vehicle,  except: 

•  Propeller  for  Water  Operation 

•  Longer  Narrower  Hull 

•  Decreased  Armor 

•  Increased  Cost 

COMPONENTS 

The  major  components  recommended  as  a  result  of  this  study  are  either 
available  now  or  in  the  later  stages  of  their  development.  A  brief  description 
of  these  components  follows: 

Hull 


The  hull  configuration  represents  a  minimum  size  to  accommodate  the  re¬ 
quired  crew  and  troops,  since  supporting  equipment  such  as  a  Field  Artillery 
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3/8‘'Al+0.7"  Ti  (2.0") 

V—  Or 

2lVSqFf  SH/Al  Zig-Zag  (2.3") 


1-1/2" 


WSmilUl: 


I  "!j 

WSflSIilStli. 


y  {  ^ 


\/T^  (3  Alloy  508i 

^  0  Composite  ^  Noted 


'l-1/2> 


'yj’-iiilliij'JllhirH'il'iL 


3/4"  Al-f  0.46"  Ti  (2.15") 
Or 

1-1/2"  AI-NoZig  Zog 


NOTE:  Thicknesses  Shown  In  Parentheses 
Are  Aluminum  Required  Far 
Equivalent  Protection. 


FIGURE  2.3  MAXIMUM  ARMORED  VEHICLE 
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Hull  (Continued) 

Weapon  will  be  mounted  on  specially  adapted  hulls  rather  than  transported 
Internally.  Note  that  the  ramp  Is  In  front  and  the  machinery  In  the  rear 
of  the  hull.  This  provides  the  bow-up  trim  under  all  normal  loading  conditions 
which  Is  essential  to  satisfactory  surf  operation. 

A  rounded  hull  of  welded  aluminum  was  chosen  to  achieve  maximum  rigidity 
at  minimum  weight  while  retaining  ease  of  fabrication.  For  ballistic 
protection,  this  report  offers  three  equal-weight  alternatives,  as  shown  In 
Figures  2.  3  and  2.4:  all-aluminum,  aluminum-titanium  composite,  and 
zig-zag.  The  all-alumlnum  approach,  which  is'slmilar  to  that  used  on  other 
armored  vehicles  in  tnls  weight  class,  offers  the  least  protection  against 
small  arms  of  the  three  methods  (1.  5  inches  of  aluminum).  The  aluminum- 
titanium  composite  consists  of  titanium  plates  mechanically  attached  to  the 
hull's  vertical  surfaces  outside  the  personnel  area.  This  offers  protection 
against  small  arms  approximately  equal  to  that  provided  by  2  inches  of 
aluminum.  The  zig-zag  alternative  consists  of  thin  corrugated  panels  of 
steel  mechanically  attached  to  the  aluminum  structure  on  the  vertical  surfaces 
outside  the  personnel  areas.  This  scheme  offers  protection  against  small 
arms  approximately  equal  to  tliat  of  2.  3  inches  of  aluminum.  This  method 
is  currently  being  tested  at  Aberdeen  Proving  Ground  and  is  under  serious 
consideration  as  a  method  of  up-armoring  the  M113.  The  degree  of  ballis¬ 
tic  protection  offered  by  these  three  methods  cannot  be  presented  here 
without  the  inclusion  of  classified  data;  therefore,  this  information  has  been 
bound  separately  as  Volume  III,  Appendix  H.  These  three  approaches  will 
provide  blast  and  thermal  radiation  protection  at  approximately  3/ 4  mile 
from  a  100  KT  nuclear  weapon. 
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Mtichiacry 

All  niiU'hiiiery  components  are  the  llglilest  feasible  llial  are  in  existence  or 
currently  in  late  stages  of  development.  Second  choices  liave  Ijeen  made 
for  those  components  having  any  substantial  development  aspects  remaining. 
Tlie  Cummins  Dies(d  Engine  and  tlie  Allison  XTG250  Power  Train  are  re¬ 
commended  as  the  major  power  package  components.  Lightweight  components 
are  available  for  vehicles  up  to  35,  000  pounds  GViV.  The  next  larger 
family  of  components  is  designed  for  a  42,  000  pound  GVW  wliich  reaffirms 
the  necessity  for  maintaining  the  specified  nKiximum  GVW  of  35.  000  pounds. 

Suspension 

Many  suspension  systems  were  studied.  From  the  i)oint  of  vit'w  of  ladiability, 
cost,  weight,  and  performance,  rubber-tired  aluminum  road  wheels,  indiv¬ 
idually  mounted  on  steel  torsion  bars,  were  selected  as  first  choicf'.  The 
high  front  idler  required  for  obstacle  climbing  necessitates  the.  u.s(!  of  return 
su|)port  rollers.  Other  suspension  types  showed  some  promise  and  should  be 
re-evaluated  at  a  later  date.  Two  basic  types  of  tracks  were  studied,  the 
block  track  similar  to  that  used  on  the  Ml  13  APC  and  the  band  track  under 
development  for  the  XM551  ARV.  It  was  concluded  that  a  long-lived,  reliable, 
block  track  can  be  developed  for  the  LVTPXll;  however,  since  weight  is  so 
critical,  it  is  felt  that  the  band  track  should  be  given  first  consideration. 

There  are  several  reasons  for  this  decision.  The  Cadillac  Division  of  General 
Motors,  under  OTAC  supervision,  designed  and  tested  a  band  track  for  the 
M59  ArV,  at  36,  OGO  pounds  GVW,  which  tests  indicated  to  have  a  life  of 
2,  700  miles.  OTAC  will  have  time  to  do  extensive  testing  on  the  XM551 
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Suspcnsiiiii  ((Jont iiiuc(l) 

track  hi'lorc  it  is  I'cciuircd  lor  lliis  LV'l’.  If  the  XM551  track  is  net  proved 
satisfactory,  a  block  track  could  he  developed  in  a  short  time. 


Controls 

Controls  are  pro\'i(led  al  the  drivt,M‘'s  station  only.  In  ord(!r  to  conserve 
weiphl,  only  two  cupolas  ai’e  provided,  the  driver's  and  the  commander's. 
This  reqiiiia's  that  the  troo])  commandc'r  act  as  machine  gunner  until  just 
hc'fore  deharkal ion,  at  which  lime  the  a.ssistanl  driver  can  take  over  to  fur¬ 
nish  covering  fire.  Simple,  easi'y  maintained,  inexpensive  mechanical 
control  linkages  arc  rc'commcndc'd.  In  the  Maximum  Armored  Vehicle, 
control  operalions  for  wal('r  operation  are  limited  to  closing  the  engine 
cooling  air  inlake  and  siarting  the  hilge  pumps.  Additional  operations 
would  he  necessary  for  the  Maximum  Water  Performance  Vehicle,  na.mely, 
low(!ring  the  propellei',  ('iigaging  the  propeller  drive,  and  declutching  the 
ti’ack  drive. 

SPECIAL-PURPOSE  VEHICLES 

Special-purpose  vehicle  adai)tations  of  the  basic  personnel  carrier  have 
been  considered  in  sufficient  detail  to  establish  compatibility  with  existing 
equipment  designs.  Once  the  LVTPXll  has  been  developed,  designs  for 
the  whole  family  of  vehicles  would  undoubtedly  be  formulated.  However, 
the  recommendc’d  configurations  can  definitely  be  adapted  as  a: 

Command  Vehicle 
Recovery  Vehicle 
Anti-Mechanized  Weapon  Vehicle 
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Field  Artillery  Weapon  Vehicle 
Air  Defense  Weapon  Vehicle 
Engineer  Mine-Clearance  Vehicle 

These  applications  are  shown  in  Section  4. 14. 
Development  Program 


Based  upon  discussions  with  various  Government  personnel,  it  has  been 
determined  that  the  desired  target  for  production  deliveries  of  an  improved 
LVT  is  1965.  Component  recommendations  have  been  based  upon  this  time 
frame.  An  accelerated  development  schedule  of  2  years  and  8  months, 
based  upon  FMC  accomplishments  in  many  prior  vehicle  programs,  is 
outlined  in  Section  IV.  FMC  believes  this  to  be  an  entirely  feasible  pro¬ 
gram  to  provide  the  best  new  LVT. 


SRC'l’ION  III 


TECHNICAL  HEPOirr 

:i.l  PH  ELIMINARY  ANALYSIS 

Th('  firsl  |)has(.'  in  the  i){’i'f()nn:mc(’  ol  this  coiu'c'))!  sliuly  I'oi’  llu'  LV'I'PXll 
was  rcM'xaniinal ioa  of  all  possihlf*  coafif^urat ions  llial  would  pcnait  aieot- 
ia^;  or  cxcca'diap  llu'  I'ccpiiroiacals  slated  ia  the  "Dc'velopau'al  Cliaraeter- 
islies".  I[;aoria[i,  lh(>  eoavealioaal  ajjproarh  lo  LVT  desit;a,  what  aew  or 
basically  differeat  appi'oaelu's  could  be  coasidereti?  Also,  siace  the 
"Dc'vi'lopaieal  Characteristics"  did  act  spc'cify  aa  ordt'r  of  priority  for 
the  requireaieats.  aa  operations  analysis  was  riKpiircd  to  establish  this 
l)riority  for  armor,  water  si)e('d,  and  payload  capability. 

3.1.1  Operational  Modes 

To  deteraiiae  the  b(?st  approach  to  the  LVTPXll  desi|;ii,  the  followinj; 
water  opcuail  ioaal  modes  were  investigated; 

•  Above  water  -  Grouad-effeets  machine,  for  example. 

•  Fully  submerged  -  Operate  as  a  submarine,  or  as  a  "bottom 
crawler". 

•  Surface  flotation  -  Conventional  dis])lac:ement  er;ift. 


3. 1.  1.  1  Above-Water  Vehicle 

One  of  the  shortcomings  of  existing  LVT  design  is  the  low  water-speed 
capaoiiity.  Since  this  capability  is  related  to  the  resistance  offered  by 
the  water,  consideration  was  given  to  operating  above  the  water  as  a 
ground-effects  machine.  Although  this  operational  mode  is  technically 


3.1.1 


PItELIMINARY  ANALYSIS 


I'l'.'niNicAi,  RLPOirr 


( )pi  i-,il  iiiii.il  Mixk'.s  ((’out  iiUK'd) 

Ic.tsihlc,  l)i  it>l  (.'xaininalion  disclosed  several  disadvaiitaf^es,  as  follows: 

»  Size  -  For  a  ST),  000  Ih  armored  vehicle,  apiM’oximately  f(  ur  tinu'S 
I  he  art'a  available  would  be  r('(iuired. 

®  L'oiiipIcNify  -  'I'he  fans,  plenums,  additional  machinery,  and 
cliisui'c  s  Would  add  insurmountable  comi)lexily  lo  the  vehicle. 

»  Vulneral)ilily  -  Assault  forces  operating  in  this  mock'  present 
a  completc'ly  exposc'd  vehicle  diirinp  tiu;  ('utirc'  water-operation 
cycle,  even  thoupil  for  a  shoiic'r  period  of  lime. 

rims,  alter  a  preliminary  ('xaminalion,  this  appi’oach  was  discarded. 

.1  1.1.2  iMdly  Submc'rpc'd  Vehicle' 

FIMC  r('C('ntly  compb'ted  a  contracted  feasibility  study  for  OTAC  on  sub- 
mere, ed  opc'i  ation  of  combat  v(.'hicl(;s.  Although  the  study  was  devoted  lo 
n\  ('r  and  lake'  crossings,  the  conclusions  are  of  interest  to  this  study. 

II  is  possible  to  operate  a  vehicle  on  the  bottom  of  a  stream, 
lake',  or  river  through  the  use  of  an  engine  aspiration  system  based  upon 
the  (ic'composit ion  of  Hydrogen  Peroxide  However,  this  requires 

prior  reconnaissance  of  the  bottom,  in  order  to  establish  trafficable  paths. 
Other  disadvantages  inherent  in  the  approach  combine  to  negate  the  advan¬ 
tage  of  coming  ashore  relatively  unexposed:  one  -  during  deepwater  oper¬ 
ation,  the  vehicle  would  have  to  operate  as  a  submarine,  which  would  re¬ 
quire  additional  space  and  machinery  for  ballasting;  two  -  navigation  and 
communication  become  major  problems;  and  three  -  there  are  psychologi¬ 
cal  factors  involved  in  this  mode  of  troop  transport.  These  problems  are 
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Opel  alional  Modes  (Continued) 

vastly  more  complex,  when  operating  at  sea,  due  to  the  water  depth,  dis¬ 
tances,  and  wave  action.  This  approach  did  not  warrant  further  study 
effort. 

3.  1.  1.  3  Surface  Flotation 

It  became  apparent  that  the  more  conventional  metliod  of  floating  on  the 
surface,  despite  its  problems,  still  offered  the  most  feasible  approach, 
so  tlie  study  effort  was  directed  toward  developing  a  veliicle  with  improved 
water  and  land  characteristics. 

3.1.2  Operations  Analysis 
3.  1.2.1  Purpose 

In  order  to  establish  a  priority  for  the  primiu'y  characteristics  of  the 
vehicle,  a  brief  operations  analysis  was  conducted.  Ii’onically,  the  best 
design  for  one  characteristic  is  usually  detrimental  to  another  (e.g. , 
maximum  armor  protection  is  not  compatible  with  light  weight,  and 
auxiliary  water  propulsion  devices  for  increasing  water  speed  complicate 
the  power  train). 

The  primary  characteristics,  considered  from  an  operational  standpoint, 
are  as  follows; 
e  Payload 

•  Armor 

•  Water  Speed 

•  Land  Mobility 
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These'  riK’loi  .s  were  analyzed  lor  the  vehicle  when  used  as  a  personnel- 
and  carpo  carrier.  Conclusions  can  also  be  drawn  from  this 
analysis  as  to  the  vehicle's  suitability  as  a  cargo  carrier. 

3.  1.2.2  Conclusions 

1 .  Increased  water  speed  is  de'sirable  if  the  LVTPXll  is  to  be 
(lel)ark('(l  at  distance's  ('.xceeding  15  miles  offshore. 

2.  Increased  water  speed  will  not  appreciably  reduce  vehicle 
vulnei'abllity  while  watc'rborne. 

3.  The  LVTPXll  does  not  compare  favorably  with  a  vehicle 
(k'signed  si)ecifically  for  cargo  transj)ort. 

'1.  Th('  cargo-carrying  rate  is  appro.ximately  proportional  to 
th('  cargo  capacity. 

5.  Th('  cargo-carrying  rate  is  not  directly  i)ro])ortional  to 
the  vehicle  speed. 

G.  A  vc.'hicle  designed  as  IxAh  a  carrier  and  a  logistical 
cargo  carrier  is  not  economically  feasible. 

3. 1.2,3  Analysis 

It  is  recognized  that  the  longer  a  vehicle  or  group  of  vehicles  is  exposed 
on  open  water  between  debarkation  and  landing  points,  the  greater  the 
risk  of  loss  or  damage  due  to  enemy  action.  The  vehicles  recommended 
in  this  study  require  the  following  time  intervals  to  reach  shore  from  a  point 
five  miles  offshore. 
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Operiilinns  Analysis  (Coni inuccl) 

Maximum  Aiuiioi-- 'i  Vehicle'  -  42  miiuitos,  at  7-1/4  mph 

Maximum  W'alcr  I'l  '•loimiancij  Vehicle  -  32  minutes,  at 
D- 1  4  mph 

At  a  l'ix('il  lime  inU'rval  l)ei'.veen  (k'harkation  of  vehicle  waves,  an  increase 
in  .'.peed  resuli.s  m  an  inci'eased  H|)acin[;  between  waves.  For  a  time 
interval  ol  mie  minuti  ,  the  spacing  for  the  two  recommended  vehicles 
as  follows; 


Maximum  Arinoia'd  Vc'hicle  -  213  yards 

Maximum  Waler  Pc.'idormance  Vehicle  -  272  yards 

Extrapolation  ofc'xistinp  fiata  (105  mm  and  155  mm  bursts  at  50  ft  and  90  ft) 
on  prot('(dion  providc'd  by  armor  shows  that,  for  a  shell  burst  halfway  between 
tlu'  two  wava's,  complete  protection  is  provided  by  the  LVTPXll  armor,  even 
at  spacinpos  less  than  the  213  yards  noted  above. 

Assuming  tliat  there  is  a  maximum  interval  which  troops  in  a  water¬ 
borne  LVT  caii  tolerate,  a  maximum  offshore  distance  for  a  given  vehicle 
speed  can  be  calculated.  Further  assuming  that  this  maximum  time  is 
about  2  hours  and  allowing  some  margin  over  average  speed  for  maximum 
veuicle  water  speed,  then: 

30  mph  max,  25  mph  avg  =  50  miles 
15  mph  max,  12-1/2  mph  avg  =  25  miles 
9-1/2  mph  max  7-1/2  mph  avg  =  15  miles 
7-1/2  mph  max,  6  mph  avg  =  12  miles 
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0|)i'rations  Analysis  (Contiiuicci) 

An  addilional  fad  to  be  (•oiisiclcred  in  establisliiny;  the  desirable  water  speed 
is  ilir  pasl  ('xpt'idence  in'pMrdinp^  vehicle  vnlnerability.  It  is  well  known  that 
Will  Id  War  11  LVT's  wer(>  virtually  invulneral)le  to  shore-based  fire  while 
wal('id)()i-n('.  Tins  is  att ributalde  to  the  fact  that,  ev(!n  at  relatively  low 
speed,  an  LV'T  pia'scads  a  very  small  and  elusive  tai-p^et. 

Alllidiiidi  llu'  "nev(d()pnien(  Ciuiracteristics”  are  for  a  personncl-and-c'cU'go 
earner.  I  lie  earg(t  capability  has  been  specifically  analy/.ed.  Figure  3.  1.  1 
is  a  pldt  of  cai'gd-carrying  rate- versus-offshore  distance  for  the  two  vehicles 
with  cargo  capacities  of  G,  000,  8,000,  and  10,  000  lb.  For  compiU'ison,  the 
fdlldwing  assumptions  have  Ix'en  made: 

e  runiaround_t_inu;  -  Will  vary  considerably  and  is  dependent  upon 
lyp('  of  cargo,  but  has  lieen  assumed  as  15  minutes. 

e  Land  travd  dsdiice  -  Assumed  as  1  mile  between  the  beach  and  the 
cargo  unloading  point. 

®  Land  travel  speed  -  Assumed  as  10  mph. 

As  shown  in  Figure  3.  1.  1,  the  cargo  rate  does  not  increase  in  direct  pro- 
protion  to  an  increase  in  water  speed.  The  speed  of  the  Maximum  Water  Per¬ 
formance  Vehicle  (9-1/4  mph)  is  27.  6%  greater  thmi  the  speed  of  the  Maximum 
Armored  Vehicle  (7-1/4  mph),  yet  for  a  6,  000  lb  c^irgo  and  an  offshore  dis¬ 
tance  of  5  miles,  the  ciu’rying  rates  are  as  follows: 

•  Maximum  Armored  Vehicle  -  1.44  Tons/Hr. 
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Operations  Analysis  (Continued) 

«  Maximum  Water  Performance  Vclucle  -  1.68  ton/hrs, 

Tliis  reiu-escnts  only  a  14.3''{)  difference  in  rate,  despite  tbe  27.  6%  difference  in 
speed. 

At  an  offshore  distance  of  10  miles,  the  cargo  rate  for  Uie  two  vehicles 
drops  to  0.87  tons/ lir  and  1.05  tons/hr,  or  a  difference  of  17. 1%.  As 
the  offshore  distaium  increases,  tiie  difference  in  cargo  rate  approaches, 
but  never  reaeties,  tlie  27.  GX  speed  difference. 

An  equal  degree  of  lu’nior  protection  is  not  provided  in  the  vehicles  con¬ 
sidered  in  the  above  analysis,  since  the  1,  500  lb  weight  of  the  propeller 
drive  subtracts  from  the  armor  weight.  To  arrive  at  a  more  equal  com¬ 
parison  basis,  the  plot  shown  in  Figure  3. 1.  2  was  made.  In  this  compari¬ 
son.  tbe  Maximum  Ai’mored  Vehicle  is  credited  with  an  additional  1,  500 
lb  of  cargo  capacity  at  the  expense  of  armor  thickness.  Using  the  same 
assumptions  as  before.  Figure  3. 1.2  shows  the  plot  of  cargo-carrying 
rate-versus-offshore  distance  as  two  sets  of  curves. 

The  Maximum  Armored  Vehicle,  witli  a  cargo  capacity  of  7,500  lb,  shows  an 
initial  advantage  in  cargo-carrying  rate  at  distances  up  to  10  miles.  Beyond 
10  miles,  tlie  curves  are  nearly  coincident,  and  they  intersect  at  a  distance  of 
31  miles.  Beyond  tliis  point,  the  Maximum  Water  Performance  Vehicle  pro¬ 
vides  the  greater  cargo-carrying  rate. 

Comparing  tlie  two  vehicles  witli  cargo  capacities  of  8,500  and  10,000  lb,  the 
Maximum  Armored  Vehicle  holds  an  advantage  for  offshore  distances  up  to  6 
miles. 
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Operations  Analysis  (Continued) 

It  is  concluded  that,  for  reasonable  offshore  distances,  little  advantage 
can  be  shov/n  in  terms  of  cargo-ciu-rying  rate  for  the  difference  in  speed 
ol)tainable  witli  a  pro{)eller  drive. 

An  additional  comparison  can  bo  made  with  a  vehicle  designed  specifi¬ 
cally  for  tlie  logistic  role  such  as  the  Landing  Veliicle,  Hydrofoil  (LVH). 

This  vehicle  lias  a  maximum  speed  of  35  knots  and  a  cai’go  capacity  of 
10,  000  pounds.  It  is  in  the  same  size  and  weight  range  as  the  LVTPXll. 
Assuming  the  same  values  for  loading  and  unloading  time  and  the  same 
distance  inland  to  discluu’ge  ciu*go  as  in  the  previous  analysis,  and 
assuming  an  average  waterborne  speed  of  30  mph,  the  following  cargo 
rates  can  lie  calculated: 

pintles  offshore  -  4.  8  tons/lu’ 

20  miles  offshore  -  2.5  lons/lir 

By  comparing  tliese  values  with  the  preceding  curves  for  the  LVTPXll, 
it  can  be  seen  that  the  LVTPXll  is  a  poor  cargo  ciu’rier  in  comparison 
with  the  LVH. 

An  analysis  of  tlie  requirements  of  the  logistic  role  versus  the  tactical 
role  indicates  that  a  logistic  vehicle  should  emphasize  water  usage  over  land 
usage  about  in  the  ratio  of  80/20,  and  that  the  reverse  is  true  for  a  tactical 
veliicle.  It  can  therefore  be  concluded  that  a  dual-purpose  vehicle  would  be 
rated  50/50  land-to-water  usage.  From  a  design  standpoint,  this  would 
I'csult  in  a  diminution  of  both  the  land  and  water  maximum  capabilities. 

'(  is  believed  that  requirements  for  both  tactical  vehicles  and  logistic 
vehicle  exist  simultaneously.  On  this  premise,  it  will  be  more  economical 
Id  build  two  classes  of  vehicles,  each  with  its  own  mission. 


3. 1. 10 


TECHNICAL  REPORT  MAXIMUM  ARMORED  VEHICLE 


3.  2  MAXIMUM  ARMORED  VEHICLE 

If  due  ('()iisicl(.‘ra(i()ii  is  ^iveii  lo  the  requirement  that  the  LVTPXll  will 
operate  80%  on  laud  and  20%  on  water,  th('n  a  vehicle  desipmed  for  optimum 
land  performance  is  required.  The  vehicle  shown  in  Figures  3.2.  1  and 
3.2.2,  although  optimized  for  land  performance,  still  offers  superior 
water-speed  capability,  when  compared  to  existing  LVT's.  The  salient 
features  of  this  vehicle  are  summarized  below,  while  the  factors  that  led  to 
the  adoption  of  these  features  are  present('d  later  in  this  report. 

•  Welded  aluminum  hull  -  Shown  l)y  the  study  lo  offer  greatest 
m’mor  protection  and  maximum  rigidity,  while  still  permitting 
economical  fabrication. 

•  Maximum  ar mor  -  The  35,000  lb  GVW  limitation  will  permit  a 
composite  armor  of  aluminum  and  titanium  equivalent  to  2  inches 
of  aluminum,  and  a  composite  armor  of  aluminum  and  zig-zag 
steel  equivalent  to  2.3  inches  of  aluminum, 

•  Rounded  hull  -  Generous  radii  offer  both  improved  water  per¬ 
formance  and  increased  ballistic  protection. 

•  Front  ramp  -  The  rear  engine  and  front  ramp  permit  a  bow-up 
trim  under  all  load  conditions.  The  front  ramp  also  provides  for 
good  visibility  of  loading  and  unloading  operations  by  the  vehicle 
driver. 

•  Major  components  proven  or  under  development  -  As  directed 

by  the  "Development  Characteristics",  special  consideration  was 
given  to  new  component  development,  and  all  advantages  offered 
were  weighed  against  the  probability  of  component  availability  and 
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FIGURE  3.  2.  1  MAXIMUM  ARMORED  VEHIC 
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suitability .  As  a  result,  the  reconimencleci  components  have 
either  been  proven  or  lu'e  In  late  stages  of  development  with  a 
reasonable  certainty  of  success. 

•  Flexibility  -  To  take  miiximum  advantage  of  advances  in  the 
state-of-the-iu’t  and  to  permit  the  use  of  newly  developed 
components  such  as  electric  and  hydraulic  drives  and  new  armor 
materials,  extensive  studies  were  conducted  in  these  areas. 

FMC  stiiff  specialists  visited  militai’y  agencies,  such  as  OTAC 
and  Aberdeen  Proving  Grounds,  and  contacted  industrial  firms, 
such  as  Sundstrand,  Louis-Aliis,  General  Electric,  and  Vickers, 
to  obtain  firsthand  knowledge  of  new  products  that  should  be  con¬ 
sidered  for  future  incorporation  in  the  LVTPXll. 

•  Track  propulsion  for  both  land  and  water  -  This  permits 
maximum  simplicity  of  both  machinery  and  controls. 

0  Lightweight  components  -  Components  were  chosen  for  lightness, 
to  permit  maximum  weight  (within  the  35,  000  lb  GVW  limitation) 
to  be  applied  to  armor. 

0  Improved  land  mobility  -  By  providing  a  softer  suspension 

featuring  increased  I'oadwheel  travel  and  lower  ground-pressure 
(5.  8  psi  compared  to  9. 2  psi  lor  the  LVTP5),  land  mobility  is 
improved  above  existing  LVT's. 
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•  Cumpatibility  -  The  vehicle  design  shown  in  Figure  3.2.1 
accommodates  the  proposed  vehicle  lamily  of: 

Command  Vehicle 
Recovery  Vehicle 

Amphibian  Assault  Antimeclumized-Weapon  Vehicle 
Amphibian  Field- Artillery-Weapon  Vehicle 
Amphibian  Light- Air-Defense-Weapon  Vehicle 
Engineer  Mine-Clearance  Vehicle. 


MAXIMUM  WATER 
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3  .  3  MAXIMUM  WATER  PERFORMANCE  VEHICLE 

riu’  vt'hiclo  shown  in  Figures  3. 3. 1  and  3.  3.  2  offers  the  following  salient 
ff'alures  in  addition  to  tlie  features  discussed  in  tlie  preceding  section  3.  2, 
I’litilh'd  "Maxinunu  Armored  Vehicle.  " 

o  Propeller  for  water  operatit.'n  -  Provides  higher  water  propulsion 
ettici(Mu:y  and  a  higher  water  speed  of  9  to  9-1/2  mph,  plus 
greater  range  in  the  water. 

o  Longer,  narrower  hull  -  Presents  less  luill  resistajice  in  the 
water. 


These  features  are  obtained  at  compromises  in  armor  protection,  due  to 
the  increased  hull  size  and  the  weight  of  the  propeller  drive,  compared 
with  the  "Maximum  Armored  Vehicle"  design.  There  is  also  a  cost 
penalty,  due  to  the  addition  of  a  propeller  drive  and  the  extended  hull. 


The  proi)eller  is  retractable  and  stows  into  the  upper  deck  to  prevent 
snagging  and  to  provide  a  good  angle  of  departure. 
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:l4  areas  of  further  development 

III  Uui  pcrformaiu'o  of  lliis  study,  it  has  been  assumed  that  the  LVTPXll 
should  lie  ill  production  in  19G5,  as  shown  in  Section  IV.  Using  this  assump¬ 
tion,  a  tentative  development  schedule  was  established  which  governed  the 
tU'gree  to  which  new  components  could  be  recommended  for  this  vehicle. 

A  team  of  FMC  engineers  visited  OTAC  and  Aberdeen  Proving  Grounds 
and  contacted  industrial  firms,  such  as  Sundstrand,  General  Electric, 
Louis-Allis,  and  Lycoming,  to  realistically  determine  what  new  component 
de\'('lopnient  might  add  to  the  effectiveness  of  this  vehicle.  The  Materials 
Branch  of  OTAC  and  the  Ballistic  Test  Section  of  Aberdeen  Proving 
Grounds  were  also  visited  to  investigate  the  latest  developments  in  the 
field  of  armor.  This  effort  is  in  addition  to  the  constimt  day-to-day 
monitoring  of  all  fields  for  new  ideas,  which  is  a  part  of  the  FMC  reseiu’ch 
policy. 

The  components  selected,  therefore,  are  the  best  possible  choices  to  per¬ 
mit  production  of  the  LVTPXll  within  the  assumed  time-frame.  As  dis¬ 
cussed  below,  there  are  new  and  interesting  possibilities  in  the  fields  of 
l)owor  trains,  armor,  ;md  vehicle  suspension.  Detailed  studies  of  these 
components  have  been  included  in  the  nature  of  appendixes  to  this  report. 

3,4.1  Drive  Trains 

A  mechanical  drive  train  has  been  selected  for  the  LVTPXll.  It  consists 
of  the  Cummins  V8-300  water-cooled  diesel  engine,  the  Allison  XTG-250 
power  train  and  FMC  designed  final  drives.  An  alternate  drive  train, 
comprised  of  the  Lycoming  AVM-625,  diesel  cycle,  multifuel,  air-cooled 
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Drive  Trains  (Cunlinueci) 

c'li^iiie,  tlie  Allison  XTG-250,  and  FMC  final  drives.  These  power  trains 
liave  been  selected  because  they  offer  sound  means  of  power  transmission 
and  because  of  the  timely  availability  of  the  components. 

However,  study  has  also  been  devoted  to  electric,  hydrostatic,  and  hydro- 
mechanical  power  trains  because  of  their  inherent  advantages.  The  elec¬ 
tric  drive,  in  particuku’,  offers: 

•  Better  fuel  economy 

•  Smoother  operation 

•  Superior  performance 

•  Simplified  maintenance 

«  A  source  of  auxiliary  power 

Considerable  development  work,  requiring  both  time  and  money,  remains 
to  be  done  to  insure  the  availability  of  any  of  these  items.  To  meet  the 
assumed  development  program,  the  power  train  chosen  must  be  mechanical 
Throughout  this  study,  these  items  have  been  examined  to  determine  their 
possible  configuration  and  their  compatability  with  the  vehicle  design.  It 
is  recommended  that  this  field  be  monitored  during  the  vehicle  design 
phase  for  possible  incorporation  of  an  alternate  power  train  in  a  prototype 
vehicle. 
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3.4.2  Sii.sponsiun 
3.  4.  2.1  Si)ringing 

As  ciiscussed  in  Section  3.  8,  FMC  roconiniends  tliat  the  walking-beam 
suspension  sliown  in  Figure  3.8. 13  be  lurtlier  developed  for  incorporation 
in  one  of  tlie  prototype  vehicles,  so  that  direct  comparisons  may  bo  made 
with  other  systems.  It  is  known  from  the  computer  mialysis  completed 
during  tills  study  that  the  walking-beam  suspension  offers  improved  riding 
cliaractoristics  over  certain  types  of  terrain. 

3.  4.  2.  2  Tracks 

To  avoid  the  cost  of  development  of  lui  entirely  new  track,  FMC  recommends 
that  the  track  currently  being  developed  for  the  ARV  XM551  bo  modified  for 
use  on  the  LVTPXll.  These  modifications  will  consist  of  redesign  of  the 
grouser  bars,  in  the  case  of  a  band  track,  or  the  addition  of  waterwings  to 
a  block  track,  and  are  necessary  to  achieve  the  predicted  water  performance. 

The  ARV  XM551  program  includes  the  development  of  both  a  band  and  a 
block  track.  Present  information  on  the  program  indicates  that  a  2,  500-mile 
band  track  is  progressing  successfully,  therefore,  this  track  has  been  selec¬ 
ted  for  the  LVTPXll.  Should  this  track  prove  unsuccessful  during  its  test¬ 
ing  and  evaluation,  FMC  recommends  that  a  lightweight  block  track  be  devel¬ 
oped  for  the  LVTPXll. 


3.4.3 


PERFORMANCE 


TECHNICAL  REPORT 


3.5  PERFORMANCE 

3.5.1  Land  Performance 

Figure  3.  5.  1  is  the  horsepoiver-vcrsus-speed  curve  for  the  recommended 
veliicles.  Figure  3.5.2  is  the  tractive  effort  curve.  These  curves  are 
based  upon  550  lb  ft  input  torque  to  Uie  torque  converter,  as  shown  in 
the  calculations  included  in  Appendix  D  (Volume  II). 

The  drive  train  ratios  prewide  a  balance  between  top  speed,  gradability, 
and  cross-country  operation.  A  summary  of  the  predicted  land  performance 
is  given  below; 


Gross  lip-to-weight  ratio 

17. 1  hp/ton 

Maximum  tractive  effort  (locked  tracks) 

40,  500  lbs 

Maximum  speeds 

Level  road 

40  mph 

lOJo  slope 

2-1/2  mph 

8%  slope 

17  mph 

Trench  crossing  ability 

8  feet 

Obstacle  climbing  ability 

29  inches 

3.5.2  Water  Performance 

The  hull  resistances  determined  by  model  testing  at  the  FMC  Tow  Basin 
and  the  calculations  included  in  Appendix  E  (Volume  II)  indicate  that  the 
"Maximum  Armored  Vehicle"  will  achieve  a  top  speed  of  7  to  7-1/2  mph, 
and  the  "Maximum  Water  Performance  Vehicle"  will  achieve  9  to  9-1/2 
mph  water  speed. 
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Water  IR'rfonnance  {Continued) 

To  deinonstrate  the  predicted  water  performance  of  tliese  vehicle;;,  a 
IGiiini  motion  picture  film  of  the  tow  tests  is  included  as  Appendix  G, 
under  separate  cover. 

Tlu’se  maximum  speeds  are  estaLdished  by  the  power  limitation  of  250  net 
engine  lij),  the  nuLximum  requirement  for  land  (operation,  although  tne 
engine  is  capable  of  producing  up  to  322  net  hp  in  its  turbocharged  version. 

Figure  3.  5.  3  shows  the  predicted  watei'  performance  with  the  Cummins 
V8-300  engine  and  mechanical  power  train. 

Figure  3.5.4  shows  the  predicted  water  speeds  of  the  LVTPXll  with  both 
tlu!  turl)ocharged  and  nonturbocharged  Lycoming  engines.  The  turbo¬ 
charged  engine  permits  water  spe(;ds  of  10  mph  for  the  "Maximum  Water 
Performance  Vehicle",  but  the  XTG-250  transmission  requires  modifica¬ 
tion  to  accept  the  increased  horsepower,  since  it  has  a  250  hp  limit.  Also, 
a  means  to  limit  the  horsepower  to  the  250  net  engine  hp  must  be  incorpo¬ 
rated  for  land  operation,  to  protect  the  rest  of  the  power  train. 

3.  5.  3  Fuel  Consumption 
•  Land 

To  obtain  the  specified  250-mile  land  range  for  the  LVTPXll 
equipped  with  the  Cummins  engine,  125  gallons  of  fuel  is 
provided.  This  capacity  has  been  calculated  using  the  average 
of  the  requirements  for  the  25  mph  operating  conditions  given 
below; 

•  25  mph  on  level  road  -  84  gallons 

•  25  mph  at  maximum  power  -  169  gallons 
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Fuel  Consumption  (Continued) 

It  has  been  assumed  that  the  average  operating  condition  will  be  some- 
where  between  the  two  extreme  conditions  listed  above.  Supporting 
calculations  are  included  in  Appendix  D  (Volume  II). 

•  Water 

The  "Maximum  Armored  Vehicle"  will  have  a  range  of  62 
miles  when  equipped  with  the  Cummins  engine  and  125  gallons 
of  fuel,  and  a  range  of  65  miles  when  equipped  with  the  Lycoming 
engine  and  150  gallons  of  fuel,  as  shown  in  Figures  3.  5.  3  and 
3.  5.4. 

The  "Maximum  Water  Performance  Vehicle",  due  to  the 
difference  in  propulsive  efficiency,  will  have  a  range  of  78 
miles  when  equipped  with  the  Cummins  engine  and  125  gallons 
of  fuel.  At  speeds  less  than  the  9-1/4  maximum,  this  range 
will  increase  (e.  g. ,  at  7-1/4  mph,  it  is  156  miles).  When 
equipped  with  the  Lycoming  engine  and  150  gallons  of  fuel,  the 
above  ranges  are  85  miles  and  160  miles,  respectively. 
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;i.(i  HULL 

As  :i  rcsuK  of  this  study,  tlie  wulcied  ahiniiiuiui  hull  confi'^uratioii  shown  in 
is  utili/c'd  for  the  LVTPXll.  The  hull  linos  wois'  ostahlishod 
alloi-  oai-olul  consideration  of  land  capabilities,  walci-  pci  lormanco,  and 
ai'inor  proh'ction. 

The  allci-nate  approacli  shown  in  Figure  3.6.4  offers  a  hull  with  i  nipr(i\  o(l 
hvdi'odynainic  characteristics:  however,  this  shape  resulls  in  lacn.i-  ^  d 
labincal ion  costs  and  decreased  armor  protection,  the  decroaso  boin.', 
due  Id  the  1,500  lb  weight  of  the  propeller  drive  i)enali/.in!',  Iho  ai  inor 
l  aliier  than  tlu'  6,000  II)  payload  capability  or  the  35,000  lb  i'A'W. 

3.6.1  Hull  Weight 

Since  the  "Development  Characteristic”  specified  a  largel  Cross  v'lnii  b 
Weir, lit  of  35,000  lb,  FMC  investigated  the  weight  ari'a  to  (leterniino  d  ihis 
was  also  the  optimum  weight  for  the  LVTPXll 

In  (he  current  development  of  power  trains  and  suspension  componenis  lor 
military  vehicles,  there  are  two  "breakpoints"  in  Gross  Vehicle  Weis.hl 
limits  foi'  vehicle  components  in  the  LVTPXll  weight  range.  One  group 
of  c()mi)onents  has  a  35,000  lb  GVW  limitation,  and  the  next  gi-oup  is  loi 
vehicles  weighing  over  42,000  lb  GVW.  A  vehicle  with  a  GVW  bedween 
35,000  and  42,000  lb  would  naturally  require  the  heavier  compoiu'iits. 
Between  the  two  groups,  the  difference  in  weight  of  the  power  (rain  anti 
suspension  components  is  approximately  3,000  lb.  This  moans  lhal,  wilh 
equal  hull  weight,  a  38,000  lb  vehicle  does  not  provide  any  more  payload 
capability  than  a  35,000  lb  vehicle.  Therefore,  the  specified  target  weight 
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Hull  Wei^;:ht  (Contiiuied) 

of  35,000  lb  has  been  accepted  as  the  desirable  limit. 

In  conjunction  witli  the  Operations  Analysis,  Section  3.  1,  and  the  Arnun- 
Analysis,  Appendix  H  (Volume  III),  the  area  of  payload  capability-vei-sus- 
armor  protection  was  examined  for  possible  trade-offs.  These  tinuh'-offs 
arc  summarized  in  Figure  3.6.1.  The  hull  dimensions  used  for  this  com¬ 
parison  are  given  in  Figure  3.6.3  and  represent  a  vehicle  using  the  tmicks 
for  both  land  and  water  propulsion.  Because  the  study  conclusions  arc 
imescnted  as  two  complete  vehicle  concepts,  one  utilizing  a  propclloi- 
foa'  water  operation  and  the  other  utilizing  tracks,  a  further  comparison  is 
shown  in  Figure  3.6.2  for  the  propeller-driven  concept.  The  vchick'  over¬ 
all  size  is  the  same  as  shown  in  Figure  3.6.4. 

Vehicle  "A”,  Figure  3.6.1,  presents  an  unarmored  vehicle  with  llu'  hull 
weight  of  5,800  Ib  based  upon  the  structural  requirements  alone.  With 
an  allowance  of  10,000  lb  payload,  Vehicle  "A"  would  have  a  GVW  of 
30,  125  lbs. 

Since  Vehicles  "A"  through  "E”,  Figure  3. 6.1,  utilize  the  same  power 
train  and  suspension,  the  vehicle  described  above  can  be  projected 
further  by  allowing  14,  875  lb  for  payload,  thus  having  a  35,  000  lb  GVW. 
This  is  Vehicle  "B”  in  the  table.  To  provide  the  maximum  possible  armor, 
while  maintaining  both  the  10,000  lb  payload  capability  and  the  35,000  lb 
GVW,  the  hull  weight  can  be  increased  to  10,  675  lb,  thus  permitting  a 
maximum  hull  plate  thickness  of  3/4  inch,  as  shown  for  Vehicle  "C". 

Vehicles  "D"  and  "E”  both  show  the  results  of  trading  payload  capacity  for 
armor  protection.  Vehicle  "D"  permits  a  maximum  plate  thickness  of  1 
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inch  and  lias  a  payload  capacity  of  8,000  lb.  Vehicle  "E",  with  a  plate 
tliickness  of  1-1  2  inches,  has  a  6,000  lb  payload  capacity. 

Vehicles  "F"  and  "G",  with  42,  000  lb  GVW's,  utilize  heavier  power  trains 
and  suspension  components  than  tlie  oUicr  vehicles  shown  in  Figure  3.6.1. 
Vehicle  "F"  offers  a  10,000  lb  payload  capacity  but  lias  not  permitted  any 
increase  in  the  degree  of  armor  protection.  Vehicle  "G"  permits  a 
plate  thickness  of  2  inches  and  maintains  the  42,000  lb  GVW,  but  has  de¬ 
creased  the  payload  capacity  to  6,000  lb. 

The  comparisons  in  table  3.6.2  charge  the  1,500  lb  propeller-drive  weight 
to  the  hull  allowance,  except  for  the  minimum-weight  hulls  shown  for 
Vehicles  "H"  and  "J". 

The  results  of  the  Armor  Analysis,  Appendix  H  (Volume  III),  and  the  weight 
trade-offs  described  above  led  to  selection  of  the  vehicles  shown  in  Figures 
3.2.2  and  3.3.2.  Figure  3 . 2. 2,  the  "Maximum  Armored  Vehicle",  is 
shown  in  Figure  3.6.1  as  Vehicle  "E",  and  the  "Maximum  Water  Performance 
Vehicle"  is  shown  in  Figure  3. 6. 2  as  Vehicle  "M". 

The  trade-off  in  payload  capacity  for  armor  thickness  was  made  for  the 
following  reasons: 

•  The  weight  of  27  fully  equipped  troops  (5,940  lb)  is  less  than  the 
6,000  lb  capacity  provided. 

•  Under  emergency  conditions,  either  of  the  recommended  vehicles 
could  carry  up  to  10,000  lb  payload,  at  a  reduced  performance 
level. 
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3.C.2  Armor 

A  thorough  analysis  of  armor  was  conducted  to  determine  the  choice  of 
material  for  ttie  hull.  To  make  this  selection,  recourse  had  to  be  made 
to  classified  material  to  evaluate  the  degree  of  ballistic  protection  that 
could  he  provided.  To  avoid  placing  a  security  classification  on  the  entire 
report,  this  material  is  included  under  separate  cover  as  Appendix  H, 
Volume  III. 

In  this  analysis,  the  following  materials  were  investigated. 

•  Steel 

e  Aluminum  alloys 
0  Magnesium- Lithium  alloy 

o  Titanium 

•  Nonmetallic  lU’iiiors 

•  Composite  armors 

These  materials  were  evaluated  on  the  basis  of: 
o  Cost 

0  Availability  during  a  national  emergency 

0  Ease  of  fabrication 

e  Corrosion  resistance 

As  analyzed  in  Appendix  H,  aluminum  is  recommended  as  the  primary 
material  for  the  hull  due  to  its  lighter  weight,  greater  rigidity,  and  addi¬ 
tional  protection  against  fragmentation.  Figure  3.  6.  5  shows  the  degree  of 
aluminum  armor  that  could  be  provided  for  the  "Maximum  Armored 
Vehicle"  without  exceeding  the  35,  000  lb  GVW.  This  provides  1-1/2-inch- 
thick  aluminum  through  the  bow,  stern,  sides,  and  deck  areas.  The  bot¬ 
tom  is  of  1-inch  aluminum  and  the  sponson  plates  are  of  1/2-inch  aluminum 
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Armor  (Conliiuieci) 

Fii^iirc  3.  G.  6  shows  the  degree  of  composite  iU'mor  of  aluminum  and  titan¬ 
ium  and  zig-zag  armor  of  aluminum  and  steel  that  could  be  provided.  The 
equivalent  tliicknesses  of  aluminum  armor  are  shown.  The  composite  ar¬ 
mor  is  shown  in  the  typical  section  of  the  vehicle,  Figure  3.  6.  7,  with  the 
zig-zag  armor  shown  in  Figure  3.  6.  8. 

The  "Ma.ximum  Water  Performance  Vehicle"  is  shown  in  Figure  3.  6.9. 
Aluminum  ;u’mor  can  be  provided  to  the  degree  shown.  Figure  3.  6. 10 
shows  the  equivalent  aluminum  thicknesses  of  composite  aluminum-and- 
titanium  iU’mor  and  of  aluminum-and-steel  zig-zag  ai'mor. 

3.6.3  Hull  Structure 
3.  6.  3.  1  Hull  Lines 

The  basic  hull  shapes  shown  in  Figures  3.  6.  3  and  3.  6.4  evolved  as  a  comprd- 
mise  between  the  land  and  water  performance  factors  specified  in  the  "De¬ 
velopment  Characteristics".  Scale  models  have  been  built  and  tested  in  the 
FMC  Tow  Basin  to  verify  performance  of  the  configurations  shown. 

The  "Maximum  Armored  Vehicle"  hull  dimensions  were  established  as 
follows: 

0  Length  -  the  285-inch  (23' -9")  length  is  the  minimum  length  re¬ 
quired  for  troops  and  the  drive  train,  and  was  selected  to  provide 
the  maximum  weight  allowance  for  armor  protection. 

«  Width  -  the  126-mch  width  is  the  specified  maximum  in  the  "Devel¬ 
opment  Characteristics". 

•  Height  -  the  102-inch  height  is  the  minimum  required  by  the  troop 
seating  for  a  vehicle  with  18-inch  ground  clearance. 
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Hull  Structure  (Continued) 

The  "Maximum  Water  Performance  Vehicle"  dimensions  were  established 
as  follows: 

•  Length  -  the  313-inch  (26'-l")  length  is. the  specified  maximum 
and  was  selected  to  provide  the  maximum  length-to-width  ratio 
iuid  an  improved  bow  shape  for  lower  water  resistance. 

•  Width  -  the  120-inch  width  is  the  minimum  that  will  accommo¬ 
date  the  troops  and  machinery. 

•  Height  -  the  102-inch  height  is  the  same  as  the  "Maximum 
Armored  Vehicle". 

The  basic  design  of  the  hull  is  the  same  for  both  vehicles,  except  that 
the  stern  of  the  "Maximum  Water  Performance  Vehicle"  is  modified  to 
allow  for  the  propeller  installation. 

The  front-ramp  and  rear-engine  arrangement  was  selected  to  provide 
a  slight  bow-up  trim  under  all  conditions  of  loading.  The  front-ramp 
location  also  provides  for  driver  visibility  during  ramp  operation. 

A  long,  sloping,  lower  bow  has  been  selected  to  improve  the  water  per¬ 
formance  as  much  as  possible  without  unduly  sacrificing  land  performance, 
obstacle-climbing  ability,  and  vehicle  approach- angle.  The  upper  bow 
is  sloped  downward  to  permit  good  visibility  for  the  driver. 

The  rear  deck  is  sloped  downward  to  reduce  the  stern  weight  and  to 
improve  performance  under  following  seas. 

The  rounded  bow,  stern,  and  deck  edges  minimize  both  hull  drag  and  hull 


3.  6. 13 


TECHNICAL  REPORT 


HULL 


Hull  Striicturo  (Continuocl) 

weight  luid  provide  increased  ballistic  protection.  In  addition,  the  hull 
rounding  lessens  the  likelihood  o(  ship  damage  during  loading  and  unloading 
operations  at  sea.  This  protection  factor  has  also  influenced  the  location 
of  both  cupolas,  which  arc  somewhat  inboiu’d. 

The  engine  compai’tment  is  isolated  by  a  transverse  bulkhead,  permitting 
control  of  the  flow  of  cooling  air  and  fumes. 

3.6.4  Nuclear  Weapon  Effects 

3.  6.  4.1  Blast  Effects 

The  effect  of  blast  loading  and  thermal  radiation  on  the  LVTPXll  have 
been  investigated  for  a  weapon  yield  of  100  KT.  Computations  were 
based  on  irJormation  in  "The  Effects  of  Nucleai’  Weapons",  prepared  by 
the  U.  S.  Department  of  Defense,  and  "The  Response  of  Hypothetical 
Missile  Transport  Equipment  to  Nuclear  Blast”,  prepared  by  the  Rand 
Corporation  (ASTIA  Document  Number  AD  205871). 

The  critical  distance  for  the  vehicle  was  assumed  to  be  that  at  which  over¬ 
turning  was  iminent  and  was  found  to  be  0.  79  mile  from  ground  zero. 
Instability  of  the  vehicle  is  caus(id  by  the  reflected  overpressure  and 
dynamic  pressure.  The  reflected  overpressure,  which  is  due  to  the  shock- 
front  striking  the  surface  of  the  vehicle,  is  39.2  psi,  at  the  critical 
distance.  The  peak  overpressure  for  this  condition  is  13  psi.  The 
reflected  overpressure  acts  for  only  a  fraction  of  a  second;  therefore,  it 
is  not  an  important  factor  when  considering  overturning.  The  predominant 
part  of  the  blast  loading  arises  from  the  dynamic  pressure.  This  pressure, 
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which  is  due  to  wind  velocity,  exerts  a  positive  force  on  the  windward  side 
of  the  vehicle  and  a  partial  vacuum  on  the  leeward  side.  Essentially,  it 
is  this  force,  if  of  sufficient  magnitude,  that  will  overturn  the  vehicle  about 
the  leewai’d  tracks.  For  the  100  KT  burst  at  a  distance  of  0.  79  mile,  the 
peak  dynamic  pressure  would  amount  to  3.  6  psi.  Although  the  vehicle 
would  theoretically  not  overturn  under  these  conditions  if  loaded  to  35,  000 
pounds  GVW,  it  would  be  moved  sideways  and,  in  all  probability,  suffer 
damage  to  air  intalte  and  exhaust  structure. 

3.  6. 4.  2  Thermal  Effects 

Detrimental  effects  due  to  thermal  radiation  are: 

•  Flash  burns  inflicted  on  personnel 

•  Excessive  heating  of  structural  components 

The  degree  of  damage  caused  by  thermal  radiation  depends  upon  the  total 

thermal  energy  emitted  and  the  rate  of  emission.  At  the  critical  distance 

2 

of  0.  79  mile,  the  total  energy  emitted  is  150  cal/cm  ,  and  the  maximum 
2 

rate  is  165  cal/cm  /sec.  It  is  found  that  the  peak  rate  is  reached  at  0.  32 
seconds  after  the  explosion,  and  that  this  decays  very  rapidly,  with  82%  of 
the  energy  having  been  emitted  in  3.  2  seconds. 

Assuming  an  absorption  factor  of  0.  94  for  the  dark-colored  paint  on  the 
vehicle  and  using  82%  of  the  total  150  cal/ cm  energy  emitted,  it  is  found 
that  a  1-inch  plate  on  the  vehicle  hull  will  experience  a  135 °F  rise  in 
temperature.  This  rise  is  inversely  proportional  to  plate  thickness,  thus 
a  1-1/2-inch  plate  will  increase  only  90°F  under  the  same  conditions.  These 
increases  will  not  appreciably  effect  the  strength  of  the  aluminum  plates. 
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NuclciU'  Weapon  Effects  (Contiiuieci) 

Troops  within  tlie  vehicle  will  be  adequately  protected  from  flash  burns 
which  would  be  considerably  worse  than  third  degree  burns  if  the  troops 
were  exposed. 

Radioactive  dust  will  be  pulled  into  the  vehicle  unless  adequate  filters  are 
installed  on  the  air  inlets.  These  would  be  the  same  as  those  required  for 
chemical  warfare  protection  and  are  discussed  in  that  section. 

3.6.5  Hull  Openings 
3.6.  5.1  Ramp 

Figure  3.6.  13  shows  troops  dobiU'king  from  the  58- inch-high  x  66-inch-wide 
ramp  opening  of  the  "Maximum  Armored  Vehicle"  hull  mock-up.  This 
opening  size  was  selected  to  permit  rapid  exit  of  personnel  and  efficient 
cargo  loading  and  unloading  operations. 

For  the  all-aluminum  hull,  the  ramp  structure  consists  of  a  1/2-inch-thick 
formed  outer  plate  and  a  1-inch-thick  inner  plate  coated  with  a  nonskid 
compound.  For  the  composite  armor,  both  inner  and  outer  plates  would  be 
of  3/8- inch  aluminum. 

The  ramp,  hinged  along  its  lower  edge,  is  raised  to  the  closed  position  by  a 
hydraulic  cylinder  and  a  cable  and  is  hydraulically  snubbed  into  its  lowered 
position.  Two  over-center  latches,  actuated  by  a  single  handle  at  the  driver's 
position,  lock  the  ramp  against  the  watertight  rubber  seals. 

3.  6.  5.  2  Air  Intake  and  Exhaust 

The  engine  cooling- air  intake  and  exhaust  outlet  are  located  on  the  aft  deck, 
as  shown  in  Figures  3. 2.  2  and  3.3.2.  The  intake  opening  is  located  on  the 
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starboard  side  ;md  the  exiiaust  on  tlie  port  side,  to  minimize  possible 
recirculation  of  lieated  exhaust  air  through  the  intake. 

Ballistic,  protection  is  provided  by  covering  the  openings  with  aluminum 
hoods  the  same  thickness  as  the  topdeck.  The  hoods  overlap  the  openings 
in  the  deck  and  slope  down  towards  the  deck  at  their  outer  edges,  to  provide 
ballistic  protection  against  small  arms  fire  and  shell  bursts  to  the  side  of 
the  vehicle. 

3.  6.  5.  3  Cargo  Hatch 

Two  torsion-bar-hinged  doors  in  the  topdeck,  as  shown  in  Figure  3.  2.  2, 
provide  a  cai’go  loading  opening  measuring  60  inches  wide  x  96  inches  long. 
These  doors  are  equipped  with  rubber  seals  to  maintain  the  watertight 
integrity  of  the  hull.  Dog-type  latches,  operable  from  inside  or  outside 
the  vehicle,  are  also  provided  and  can  be  locked  from  inside  the  vehicle. 

3.  6.  5.  4  Maintenance  Access 

Maintenance  access  to  the  engine  compartment  is  provided  in  the  following 
manner,  as  shown  in  Figure  3.  2.  2. 

o  Access  panels  between  the  cargo  area  and  the  engine  compartment 
0  Removable  topdeck  plate  at  the  stern 

0  Hinged  access  door  on  the  hull  rear  plate 

o  Removable  plate  in  hull  bottom  at  rear 

Access  Panels  Between  Cargo  Area  and  Engine  Compartment 

There  are  two  aluminum  access  panels  in  the  bulkhead  between  the  cargo 
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area  and  en^tine  compartment.  Tliese  panels  are  of  sandwich-type  con¬ 
struction,  two  outer  aluminum  plates  with  an  insulation  layer  between  them. 
Tlie  panels  are  lield  in  place  by  quick-opening  latches,  to  permit  rapid 
acciess  to  tin,'  engine  compartment  from  within  the  vehicle.  Since  tliere 
will  be  negative  |)rcssuro  in  the  engine  compai'tment,  the  sealing  of  tliese 
panels  is  not  critical. 

Removable  Topdeck  Plate  at  Stern 

A  removable  section  of  the  topdeck,  approximately  44  inches  x  55  inches, 
is  large  enough  to  permit  removing  the  engine  and  transmission  package  as 
a  unit.  The  engine-cooling  ducting  directly  above  the  engine  and  transmission 
readily  accessible.  This  removable  plate,  made  of  aluminum,  is  secured 
with  bolls. 

Hinged  Access  Door  on  Hull  Rear  Plate 

An  external  access  door  to  the  engine  compartment  is  provided  at  the  stern. 
Approximately  44  inches  x  39  inches,  it  is  hinged  along  its  top  edge  to  the 
removable  plate  described  above.  There  is  a  sealed  joint  all  the  way  ;u’ound 
this  door,  and  the  door  is  secured  in  place  by  bolts.  This  door,  made  of 
aluminum,  provides  excellent  access  to  the  rear  portion  of  the  engine  compart¬ 
ment. 

Removable  Plate  in  Hull  Bottom  at  Rear 


An  external  access  plate  of  aluminum,  approximately  12  inches  in  diameter, 
is  provided  in  the  bottom  plate  of  the  hull  beneath  the  engine  and  transmission, 
to  permit  draining  oil  from  these  units.  This  sealed  access  plate  is  secured 
with  bolts. 
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3.6.  5.5  Hatches 

The  20-inch-ciianictcr  hatch  is  located  on  the  forwai’d  left  portion  of  the  deck. 

This  position  was  selected  to  provide  maximum  forwai’d  and  downward  visibility 
for  the  ch’iver,  for  both  land  and  water  operation.  Eight  vision  blocks  are  located 
ai'ound  the  driver's  hatch  and  five  around  the  turret,  to  provide  full  360°  vision, 
as  shown  in  Figures  3.2.2  and  3.  3.  2.  An  infrai'ed  periscope  is  located  in  the 
top  of  the  driver's  hatch,  and  a  spare  periscope  and  head  stowed  alongside  the 
ch’iver. 


The  ch’iver' s  hatch  is  torsion-bar-hinged,  to  aid  in  opening  and  closing,  and  is 
equipped  with  a  hasp  to  permit  padlocking  from  the  outside  of  the  vehicle. 

3.  6.  5.  6  Escape  Provisions 

Emergency  exit  is  provided  through  the  side  hatches  shown  in  Figure  3.2.2. 
These  hatches  are  equipped  with  quick-opening  latches,  operable  from  inside 
the  vehicle,  and  with  watertight  seals. 

3.  6.  5.  7  Personnel  Compartment  Ventilation 

When  the  LVTPXll  is  completely  "closed  up,  "  ventilating  air  is  supplied  to 
the  personnel  compartment  through  a  vent  in  the  deck  just  forward  of  the  engine 
compartment  and  is  exhausted  into  the  engine  compartment. 


The  incoming  air  and  any  water  that  enters  the  mushroom-shaped  vent  are  ducted 
directly  to  the  bilge  area,  from  which  the  water  is  removed  by  the  bilge  pumps. 
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Tlie  ;iir  flows  up  tlirough  openings  in  tlie  floor  plate  at  the  front  of  the  cargo 
area  and  travels  aft  to  the  engine  compartment  bulkliead  through  a  control¬ 
lable  vent  to  the  engine  cooling-air  intake  area, 

3.6.6  Fittings 

3.6.6.  1  Hull  Interior 

0  Cargo  Tie-downs  -  Tie-down  rings  ai'e  provided  in  the  cargo 
iu-ea,  located  and  spaced  to  provide  the  flexibility  required  to 
restrain  many  different  cargo  configurations. 

o  Troopseats  -  Several  different  arrangements  were  studied  to 
provide  the  capability  of  cai’rying  27  fully  equipped  troops.  The 
selected  ai’rangement,  shown  in  Figure  3.2.2,  was  chosen  prima¬ 
rily  because  of  the  easy  egress  from  the  vehicle  permitted  by 
the  longitudinal  placement  of  the  seats. 

To  check  various  arrangements,  a  plywood  mock-up  was  con¬ 
structed.  Figures  3.  6. 14  and  3.  6. 15  are  photographs  of  troops 
seated  in  the  vehicle  mock-up.  These  photos  illustrate  the  feasi¬ 
bility  of  the  selected  arrangement.  Based  upon  the  mock-up 
effort,  FMC  believes  that  the  nineteen- inch  space  allocation  is 
the  absolute  minimum  that  should  be  used,  particularly  when 
Arctic -equipped  troops  are  considered.  Attempts  were  made  to 
seat  all  of  the  troops  between  the  sponsons,  thus  reducing  height, 
width,  and  weight  of  the  vehicle;  however,  this  led  to  an  increase 
in  length,  without  any  weight  advantage,  and  a  crowded  seating 
arrangement. 
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Tlie  troop  seats  ai'e  designed  to  be  fabricated  from  aluminum 
or  high-strength  plastics  or  a  combination  of  these  materials. 
The  seats  in  the  center  of  the  ciU’go  area  iu*e  designed  to  be 
stowed  on  the  sponsons  when  the  vehicle  is  used  as  a  cargo 
cai’rier.  Both  seat  belts  and  siifety  rails  ai'e  provided  for 
troop  safety. 

3.6.  6.2  Exterior  Fittings 

Lifting  eyes  capable  of  supporting  the  vehicle  gross  weight  are  located  at  each 
corner  of  the  deck,  as  shown  in  Figures  3.  2.  1  and  3.  2.  2.  Mooring  bitts  are 
also  provided.  A  quick-release  towing  pintle,  operable  from  the  top  deck,  is 
provided  at  each  end  of  the  vehicle.  Tow  cables  are  externally  stowed  at  the 
bow  and  stern.  Although  this  exceeds  the  requirements  of  the  "Development 
Characteristics", two  cables  are  supplied  so  that  vehicles  may  be  attached  to 
one  another  during  water  operation.  Boarding  steps  are  recessed  in  the  hull 
and  personnel  grab  handles  are  supplied  along  the  deck. 
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3.  7.  1  Solcctecl  Drive  Train 

The  drive  train  shown  in  Figure  3.7.  1  is  the  drive  train  selectrd  for  the 
"Maxiimim  Armored  Veliicle”.  It  is  comprised  of  the  Cummins  VH  300 
wat('r-('ooled  diesel  engiiu',  tlie  Allison  XTG-2r)0  transmission  and  steei'- 
ing  unit,  and  FMC-designed  final  drives.  The  "Ma.ximum  Water  Pi'rfor 
manee  Veliicle”  uses  tlie  same  drive  tram  plus  tiu'  jiroiieller  drivt'  from 
tlie  transmission  power  take-off. 

The  alternate  recommended  drive  train  is  shown  in  Figure  3.7.2  and 
also  could  be  used  for  either  vehicle.  It  consists  of  the  l^ycomiig':  AVM- 
625  air-cooled,  diesel  cycle,  mullifuel  engine,  the  Allison  XTC-  250  ti  ans 
mission  and  steering  unit,  and  FMC-designcd  final  dri\cs. 

3.7.2  Power  Requirements 

The  "Development  Characteristic"  establishes  the  following  summarized 
requirements  fur  land  operation  of  the  LVTPXll: 

Sufficient  horsepower  to  permit  speeds  of  40  niph  on  improved 
roads  and  20  mph  cross-country 

Sufficient  horsepower  to  negotiate  a  70%  forward  slope 

Horsepower  calculations  included  in  Appendix  D  (Volume  II)  show  the  fol¬ 
lowing  requirements  for  the  above  conditions: 
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Power  Requirements  (Continued) 

210  hp  at  the  sprockets  for  the  40  mph  condition 
168  hp  at  the  sprockets  for  the  20  mph  condition 
170  hp  at  the  sprockets  for  the  70%  slope  condition 
3.7.3  Engines 

The  sprocket  horsepower  requirements,  after  compensating  for  drive 
train  efficiency  losses,  indicated  that  an  engine  in  the  325  hp  range  is  re¬ 
quired  for  the  LVTPXll.  The  following  types  of  engines  were  considered: 

•  Diesel 

•  Gas  Turbine 

•  Gasoline 

•  Fuel  Cells 

In  the  evaluation  of  the  different  types  of  engines,  the  following  factors 
were  used: 

•  Weight 

•  Development  status 

•  Cost 


•  Fuel  consumption 
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•  Air  r('(iulr(‘in(‘nls 

•  Miiltifiu'l  capal)! lily 

•  Maii\l(!iianci; 

Oil  the  basis  of  tlu'  aliovc*  facturs,  a  (iiissi-l  (iii^Hiu;  was  srliM  lcd  fur  thi' 
EVTI’Xl  1. 

a.  7.  a.  1  Dic'scl  EihHiuss 

Figure  3.  7.  3  is  a  (alnilation  of  the  diosol  enj^Hiies  (.'vahiali'cl,  'riio  Cumniiii,' 
VH-300,  walcr-cooh'cl  diesel  engine,  willi  a  dry  weight  of  1,423  lb,  was 
selected  for  this  vehicle  and  is  siiown  in  Figure  3.7.4.  'I'liis  auloiiint  i\a 
diesel,  while  not  otf('ring  a  nuillifiu'l  capability,  has  been  thoroughly  road 
Ic.'sted  and  is  currently  being  placed  in  production.  It  is  currently  being 
planned  tor  the  LARC-5. 

As  an  alternate  engine,  tlie  Lycoming  AVM-625,  8-c.ylinder,  air-coolcd, 
diesel  cycle,  multifuel  engine,  with  a  dry  weight  of  1,0(30  lb,  was  sek'cted. 
This  engine,  shown  in  Figures  3.  7.  5  and  3.  7.  6,  is  currently  bc'ing  devidop- 
ed  for  the  XIV1551  ARV.  This  engine  offers  weight  savings,  but  has  tin' 
disadvantage  of  high  fuel  consumption.  Although  a  DSFC  of  0.  41  to  0.  48  is 
predicted  for  this  engine,  the  test  version  now  being  run  exhibits  a  DSFC 
greatly  in  excess  of  the  predicted  value. 

Because  of  the  desire  to  provide  maximum  armor  and  still  maintain  the 
35,  000  lb  GVW,  all  components  selected  must  be  as  lightweight  as  practical; 
however,  to  confirm  the  compatibility  of  the  vehicle  design,  various  other 


3.7.3 


TECHNICAL  REPORT 


MACHINERY 


Ejigines  (Conliiuied) 

diosel  installations  were  investigated.  Figure  3.7.7  shows  tlie 

Caterpillar  D-333  liquid-cooled  diesel  with  mechanical  drive  train,  and 
a  liydromechanical  drive  train  with  the  Continental  AVDS-550  air-cooled 
diesel  is  sliown  in  Figure  3.7.8. 

3. 7. 3. 2  Gas  Turbines 

One  of  tlio  major  considerations  in  the  selection  of  an  engine  for  this  type 
of  operation  is  the  degree  of  induction  air  flow  which  must  be  provided 
during  surfing.  The  gas  turbine  is  at  a  disadvantage  here,  due  to  tlie  ex¬ 
cessive  air  volume  required.  Since  all  Uie  air  must  pass  through  the 
engine,  it  must  be  reasonably  free  of  water;  therefore,  the  installation  of 
a  gas  turbine  would  require  extendable  intake  and  exliaust  stacks.  Stacks 
become  a  significant  disadvantage,  due  to  their  vulnerability  to  wave  forces 
during  surfing.  As  shown  in  Figure  3.7.9,  the  air  volume  is  so  large  that 
it  cannot  be  taken  from  within  the  vehicle. 

The  light  weight  of  tlie  gas  turbine  is  offset  by  tlie  greater  brake  specific 
fuel  consumption  (BSFC)  and  tlie  increased  logistics  of  fuel  supply.  A 
typical  example  from  Figure  3.7.9,  the  Boeing  Model  520-3  has  a  BSFC  of 
0,8  Ib/bhp/hr,  as  compared  witli  the  predicted  0.4  Ib/bhp/hr  for  the 
Cummins  diesel  engine.  Altliough  gas  turbines  have  been  designed  with 
recuperators  or  regenerators  approaching  a  BSFC  of  0,  5  Ib/bhp/hr,  none 
in  the  horsepower  range  required  has  been  developed  to  date,  and  it  would 
require  a  2-  to  5-million-dollar  development  program  to  produce  such  an 
engine.  There  is  still  a  question  as  to  the  effectiveness  of  a  recuperator, 
due  to  eventual  contamination  of  the  heat  transfer  surfaces, 
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■ 
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Blower) 
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MecTi. 
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Allis  Chalmers  21000 
Cerlist 


3040  Iron 


2  2  Engs 

(loop)  1880 


NOTES: 


1  Can  burn  gasoline,  using  kit  and  10:1  ratio  -  gasoline/ lube  oil. 

2  Predicted 

3  Predicted  from  engine  family  already  built. 

4  Without  alternator  (100  amp). 

5  410  gross  HP  rating  can  be  obtained  with  development. 


6  550  gross  HP  rating 

7  Cummins  V8-350  is 
for  LARC-5);  incre^ 

V8-300  currently  av 

V8-315  on  test  "AB 


oil.  6  550  gross  HP  rating  can  be  obtained  with  development. 

7  Cummins  V8-350  is  same  basic  engine  as  V8-300  (planned 
for  LARC-5);  increased  rating  based  on  development. 

V8-300  currently  available 

V8-315  on  test  "ABC  Universal  Tractor". 
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Comment 

No.  Cyl.  Dlspl.  HeatRej.  Cooling  HP  for  35, 000# 

Cooled  &  Tyije  (in. 3)  btu/hp/min  Width  Height  Air  Flow  GVW-Mech  Dr. 


•  V8-300  planned  for  LARC-5. 


•  Being  developed  for  "XM551"  vehicle 
by  OTAC.  8  cylinder  to  be  running 
Nov.  61.  Performance  predicted  from 
4  cylinder  engine.  Test  in  progress  to 
y  improve  poor  fuel  economy  and  oil 
\  consumption. 


•  V8-350,  VTG-290  available  late  '62 
in  cast  iron. 

V8-350,  VTG-290  available  2nd  half 
'63  in  aluminum. 


•  Aluminum  prototype  engines  to  be 
running  Feb.  '62. 

♦Multifuel  under  development. 


•  Relatively  long. 

•  Availability  in  aluminum  questionable. 

•  Relatively  heavy. 
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En|', iiH'S  ((Joiiliinicd) 

III  iiilditioii ,  :i  liirliiiic  iiistall;ili(tii  l•(‘(luirt‘S  a  .special  eoiilrol  In  lim.t  llie 
maxiimiin  pDwer  level  (with  res|)(‘el  lo  Ihe  iiidiiel ion  air  leiiiperaliiri’)  lo 
a  \’alii('  aceeplalile  lo  (he  I  raii.sini.ssion. 

However,  lo  iiulicale  Hie  vehicle  vlesipn  eonipaliliility,  should  aceeh'ralcd 
lurliiiie  devcdopiiUMil  provide  a  siiilahh'  eiipiiie,  an  iiislallatioii  of  Hio 
AiReseareh  pas  turliiiie  and  (he  X'r('i-;U)0  I ransinission  is  shown  in  I*  ipiire 
7.  10. 

.'{.7.3.3  Clasoline  Enpines 

Typical  pasoline  enpines  shown  in  Fipure  3.7.  11,  while  offi'rinp  liplH.er 
weiphl  (hail  niosl  diescd  enpines,  presenl  holh  a  hiphi'r  RSFC  and  a  lar;k 
of  nuillifuel  cajiahilily.  This  and  (In'  hipiu'r  volalilily  of  llu'  j-equired  fuel 
l)ree,ludo  their  use. 

3. 7. 3. 4  Fuel  Cells 

Even  Ihouph  this  field  is  in  the  embryonic,  stape,  any  study  of  future  ve¬ 
hicle  desipn  must  certainly  consider  fuel  cells  as  a  vehicle  i)ower  source, 
because  of  Uic  followinp  aclvantapes; 

•  Efficiency  -  Theoretically  100%,  not  limited  by  the  Carnot  cycle 

•  Simplicity  -  No  moving  parts 

•  Configuration  -  May  be  assembled  to  take  advantage  of  present¬ 
ly  unusable  space 
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Eiijpiu's  (Ci)Mtimic'(l' 

i,  L()|,a_slU;s  -  Can  lx*  (Icsii^ned  for  fuels  whicli  can  be  niaiuifactur- 
ed  close  to  the  operational  ar('a 

o  Lack  of  210[se_and  nbra^tion 

Allliouf;h  i)i-omisinp:,  there  are  many  problems  to  b('  solved  in  the  fuel  cell, 
some  of  which  ai-e  as  follows; 

c  Pow('r  density  -  Present  1  kilowatt  per  cubic  fool  must  be 
inc.reased  to  at  least  5. 

o  Electrode  corrosion  -  Oxidation  of  the  electrode  due  to  the 
cell  reaction  must  be  minimised 

0  Ruggediiess  -  Dc'sign  to  withstand  vehicle  shock  and  vibration 
must  be  improved 

o  Reliabiiily  -  Present  cells  have  a  potential  of  0. 1  volt  and  re- 
quii'c  series  connections.  Failure  of  one  cell  deactivates  that 
complete  string. 

In  summation,  fuel  cells  cannot  be  considered  available  for  operational  ve¬ 
hicles  before  1970, 

3.7.4  Power  Trains 

The  fundamental  purpose  of  a  power  train  is  to  match  the  engine  power  out¬ 
put  characteristics  to  the  vehicle  requirements.  In  a  tracked  vehicle,  the 
power  train  must  also  serve  other  functions.  Steering  becomes  a  power 
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PowLM-  Tr:iins  (Continued) 

train  funelion,  l)ecause  it  requires  control  of  both  the  speed  and  direction 
of  I'olation  of  iJie  tracks  relative  to  each  oUier,  and  the  power  train  usually 
provides  veliicle  braking. 

Figure  3.7.  12  shows  the  power  trains  investigated  during  Uiis  study.  For 
conqjarative  purposes,  considering  the  relation  between  Uie  input  and  out¬ 
put  characteristics  of  speed  and  torque,  power  trains  can  be  divided  into 
thia'e  basic  types,  as  follows; 

c  Fixed  ratio 

•  Limited  variable  ratio 

•  Continuously  variable  ratio 

An  example  of  the  fixed-ratio  type  is  a  multiratio  gearbox  with  either  a 
friction  c.lutch  or  a  fluid  coupling,  providing  no  output  multiplication  other 
than  th('  fixed  ratios. 

An  example  of  the  limited  variable  ratio  type  is  a  torque  converter,  with  or 
without  a  gearbox.  The  output  speed  is  independently  variable  up  to  a  limit 
of  less  than  the  input  speed.  Stall  torque  is  produced  by  power  dissipation, 
because  slip  isused  to  generate  torque. 

An  example  of  the  continuously  variable  ratio  transmission  is  a  hydrostatic 
(or  hydromechanical)  type.  Output  speed  and  torque  are  independent  of  input 
speed  and  torque.  Input  power  is  determined  by  output  power,  but  can  be 
produced  at  any  desirable  combination  of  speed  and  torque  compatible  with 
the  engine  characteristics. 
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l^wer  Trains  (Continued) 

In  this  study,  tlie  above  types  of  transmissions  were  evaluated  under  one  of 
tlie  ft)llowin(i:  classifications,  in  this  section. 

•  Mechanical  Transmissions 

•  Hydrostatic  and  Hydromeclianical  Power  Trains 

•  Electrical  Power  Trains 

Although  a  good  response  was  received  from  the  manufacturers  of  continu¬ 
ously  variable  ratio  or  nonmechanical  types  of  transmissions  based  upon  the 
present  state-of-the-art,  these  units  arc  not  advanced  enough  in  their  devel¬ 
opment  to  be  recommended  at  this  time;  however,  progress  in  both  electrical 
and  hydrostatic  di'ivcs  should  be  actively  monitored  during  the  LVTPXll 
development,  since  it  may  become  desirable  to  incorporate  one  of  these 
units  at  a  later  date. 

3.7,4.  1  Mccluinical  Transmissions 

Because  of  the  compactness  and  inherent  light  weight  of  Ordnance  units, 
this  area  was  thoroughly  investigated.  For  a  35,  000  lb  GVW,  two  power 
trains  are  available,  the  XTG-250  and  the  XTG-300.  Since  the  XTG-300 
is  a  turbine-driven  power  train,  the  XTG-250  is  the  only  Ordnance  unit 
available  in  this  torque  range.  The  units  investigated  are  shown  in  Figure 
3.  7. 12.  The  selected  power  train,  the  Allison  XTG-250  Transmission 
and  Steering  Unit  shown  in  Figure  3.  7. 13,  offers  the  following  salient 
features: 

•  Light  weight 

•  Pivot-steer  capability 

«  Currently  under  development 

•  Full-power  shift  capability 

•  Four  forward  speeds  -  two  reverse  speeds 
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Transmission 

or 

Power  Train 


Type 


General  Deserii)tion 


Allison 

XTG-250 

Mech . 

Ord. 

typo 

‘1-speed  fwd,  2-speed  rev.,  manual 
full  power  shift  with  torque  conver¬ 
ter,  lock-u|)  clutch,  and  ennino 
driven  p.  t.  o. 

FMC 

Modi . 

Ord. 

type 

“l-speed  fwd  and  2-s|)ccd  reverse 
manual  full  power  shift  with  torque 
converter,  lock-up  clutch  and  en- 
tiine  driven  j).  t. o. 

Allison 

HT-70 

Mech. 

Heavy 

duty 

truck 

typo 

6-spccdfwd,  1 -speed  reverse,  auto¬ 
matic  within  rani’o  selection  engine 
drive  p.  t.o. ,  convertor  and  lock-uji 
clutch. 

Allison 

XTG-300 

Mech . 

■ 

5-speed  fwd,  2  ranges,  automatic 

2nd  range  w  ‘I  ratios,  2-speed 
reverse  engine  driven  ji.t.o. 

Clark 
Modified 
Series  5000 

Mech. 

4-speed  fwd  and  reverse,  manual 
full  power  shift  witli  torque  conver¬ 
ter,  lock-up  clutch  and  engine 
driven  p. t.  o. 

1 

Allison 

XTG-411 

Mech. 

4-speed  fwd,  2-speed  reverse, 
manual  range  control  witli  torque 
converter  and  lock-up  clutch. 

General 

Electric 

Differ¬ 

ential 

hydro- 

mech. 

Devel¬ 
oped 
for  this 
study 

Infinitely  variable  speed,  torque 
ratio  0-40  mph  fwd,  0-10  mph 
rev.,  engine  driven  p. t.o.  two  units 
each  with  var.  disp.  motor  &  fixed 
disp.  pump 

Sundstrand 

Hydro- 

Devel¬ 

oped 

Infinitely  variable  speed,  torque 
ratio  0-40  mph  fwd  &  reverse. 

P'N  4000114 

static 

for  this 

Single  variable  displacement  pump. 

study 

&  two  variable  disp.  motors. 

1 

1 

1 

Two  variable  displacement  pumps. 

Stratos 

Hydro- 

six  variable  disp.  motors,  w/four 

GT/HMPT/300 

mech . 

of  the  motors  geared  thru  clutches 
to  output  shaft . 

Vickers 

SK-3344 

Hydro • 
mech. 

Three  speed  range  changes  accom¬ 
plished  automatically  w/ no  power 
on  clutches 

Jered 

ST-300-H 

Hyrdo- 

mech. 

Dual  speed  range: 

LO  -  hydraulic 

HI  -  hydraulic-mechanical 

Electrical 

A.C.  system  w/ silicon  controlled 
rectifier  frequency  converter 

• 

Curtis  Wright 
SK-928 

Toroi¬ 

dal 

1 

Devel¬ 
oped 
for  this 
study 

Includes  dual  range  fwd,  fwd  & 
reverse  clutches,  w/8:l  ratio  in 
toroidal  unit 

al  Description 


and  2 -speed  reverse 
power  sliift  with  torque 
lock-up  clutcli  and  en- 
p.  t.o. 


,  l-speed reverse,  auto- 
I  rani'e  selection  engine 
,  converter  and  lock-up 


1,  2  ranges,  automatic 
M  ratios,  2-speed 
:ine  driven  p.t.o. 


d  and  reverse,  manual 
lift  witii  torque  conver- 
up  clutch  and  engine 


d,  2 -speed  reverse, 
;e  control  with  torque 
d  lock-up  clutch. 


riable  speed,  torque 
mph  fwd,  0-10  mph 
5  driven  p.t.o.  two  units 
ir.  dlsp.  motor  &  fixed 


riable  speed,  torque 
mph  fwd  &  reverse . 
ble  displacement  pump, 
ble  disp.  motors. 


e  displacement  pumps, 
disp.  motors,  w/four 
s  geared  thru  clutches 
ft. 


1  range  changes  accom- 
matically  w/no  power 


range: 

raulic 

raulic-mechanical 


1  range  fwd,  fwd  & 
ches,  w/8;l  ratio  in 


Max 
Input 
Torque 
(ft -lb) 

Max 

In|)ut 

Speed 

(rpm) 

Approx 

Design 

Input 

(hp) 

Dry 
Weight 
w  0  F  D 
(lb) 

Propeller  Drive 
Comments 

Steering 

Comments 

520 

2800 

250 

(max) 

1190 

Engine  driven 
p.t.o.  for  mech¬ 
anical  or  hydrau¬ 
lic  drive. 

Geared  steer 
clutch  brake 
pivot  steer 

•  Unable  to  obtain  any  indica¬ 
tion  of  cost.  For  use  XM 
551  ARV. 

Engine  driven 
p.t.o.  for  mech¬ 
anical  or  hydrau¬ 
lic  drive. 


Engine  driven 
025  p.t.o.  Ix).\.  Can 


he  mounted  on  top 
of  converter  hsg. 


Proposal  incl. 
propeller  drive 
approx  90'!) 
mech.  eff.  prop, 
drive . 


Use  same  pump 
for  prop,  drive 


Proposal  incl. 
propeller  drive 


Differential 
&  pivot  steer 


Differential 
&  pivot  steer 
when  used  w 
EMC  differ¬ 
ential  assy 


Geared  steer 
clutch  brake 
pivot  steer 


Differential 
&  pivot  steer 


Geared  steer 
clutch  brake 


Differential 


Axis  steer 


Axis  steer 


Axis  steer 


•  Design  does  not  include 
clutches  and/'or  range 
shifts.  All  4  hydraulic 
elements  basically  same. 


•  No  clutches  or  range  shifts; 
uses  newly  developed  high 
efficiency  cross-head 
design. 


•  Design  proposed  for 
30,000  lb  GVW  OTAC 
study . 


•  Design  developed  lor 
other  study. 


See  Mfgr  Proposal 
in  Appendix. 


See  Mfgr  Proposal 
in  Appendix . 


See  Mfgr  Proposal 
in  Appendix. 


See  Mfgr  Proposal 
in  Appendix. 


*For  turbine  drives 
♦♦Including  control  cables 


•  See  Electrical  section  for 
more  complete  information, 


•  Development  item.  No  ad¬ 
vantage  seen  over  current 
mechanical  hydrostatic 
(item  8)  or  differential 
hydro-mechanical  (item  7). 


IMU  I  IMINAKY 
CIIAUACTl  ItlSTIC  5IIKK  r 


I'.iwr  Train.  X-Drlvr.  Umlrl  XIG-2‘.0  lly.lrnullc  Tori|ur  Converlcr. 
I’l4ini*tary  Grar  l  yp**.  wU  Torque  ShUllax- 


rx:u*iiw*T  r.vtter^  omuim 
iTC-no  icvr*  mi.i  (un  rnAt 


I  lu*  X  1  (i  •  Z *>0  tnc t(i<ie rt  n  hy<{r.iulic  torque  conve rtr  r  with  ft  lockup  clutch.  The 
pl.»Mei.»ry  rait|;e  jjrArin|»  In  contblnAtlon  with  the  Rlecr  ftntl  output  plftnelnry  bcIb  provide* 
four  forward  and  two  reverne  rnn^cft.  The  trnnAmlAslon  ftlno  Inc orpor ntc n  gcftred  steer, 
flutoh  brake,  and  pivot  uteer  syfttcinA  Ami  full  vehicle  brftkes  a*  outlined  In  the  follow- 
ittg  iipecificatioiin 

GKNKMAK  SPKCIFIC ATIONS 


Hating- 

Max.  Inptjt  Torque  Lhn.  Ft.  |>20 

Klax,  Input  Speed  HPM - - - - - --.----2B00 

Max.  Input  IIP .  250 

Manufacturer . . . . . Alliaon  Division,  CMC 


Model  ----•r-*----------------*-*------*-------*------------- 

Drive  Kangco-. Fourth,  Third,  Second,  First,  Nculrnl,  Rcvcrac  1, 
Drive  Hnnge,  Steering,  nnd  Shift  Control  (Fxlernal) 

Shift  nnd  Steering  Mechnniom  (Internal  Control)--- 
Steering  Type 


I-’<»\vrr  Take-off 

Hating  (Continuous  Operation)  -- 

'lype  of  Clutches  (All  R«ingert)-- - 

Rrakc - Multiple  Wet  Plate, 

Application 

Hydraulic  Torque  Convcrlcr------ 

Maximum  Converter  MultipHcnlion 


-•-XTC-250 

nnd  Rnverno  i 

■ . Mechanical 

Hydraulic  ^  Mechanical 

.............................. Q(>arcd  Steer 

Clutch  Drake 
Pivot  Steer 

........... ...............'furbinc  Driven 

. -iTor 

-Multiple  Plate,  Engaged  by  OH  Pressure 
Steering,  Service,  and  Parking,  Mechanical 


•Single  Stage ,  Multiple  Phase  with  Lockup  Clutch 
. 2.  55:1 


H.'irifv  Ponilinn  Gear  Ratio  Steering 


K,. 

2.095:1 

Normal 

C.  11. 

Pivot 

Pivot 

4.69:1 

c.  n. 

Pivot 

N 

- 

- 

- 

1 

6.  16:1 

C.  B. 

Pivot 

2 

4. 18:1 

G.S. 

Pivot 

3 

2.24:1 

C.S. 

G.S. 

■1 

1.00:1 

G.S. 

G.S. 

Dcvel  Gear  Ratio  - - 

Oulput  Steer  Planetary  Ratios; 
Under  Drive 

Direct - 

OH  Specifications - - - 

Oil  Capacity,  Cal, - 

Transmission  Dry  Weight  Lbs, 


.  1.44:1 

• .  1.475:1 

.  1.00:1 

MIL-L-Z104A, Grade  10 

. (Est.)  10 

. (Est.)  1190 


FIGURE  3.  7.  lb 
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Power  Trains  (Continued) 

The  XTG-250  Transmission  is  now  in  prototype  production  at  tlie  Allison 
Division  of  General  Motors  and  is  beinf^  developed  for  the  XM551  ARV. 

Tlierc  are  several  heavy-duty  commercial  units  available,  as  shown  in 
Figure  3.  7  12.  However,  thos(.' are  transmissions  only,  and  so  must 
include  a  controlled  differential  and  service  brakes  to  bo  comparable  to 
the  Ordnance  units,  which  places  them  at  a  large  weight  disadvantage. 

The  selected  power  train  offers  4  forward  and  2  reverse  speeds  with  geared 
steering,  service  brakes,  clutch  brake  and  pivot-steer  system,  torque 
converter,  and  a  power  take-off.  The  combined  package  weighs  1, 190  lbs. 

In  an  effort  to  provide  a  simple,  straightforward  trmismission  design,  FMC 
lias  been  working  for  some  time  on  the  approach  shown  in  Figures  3.7.  14 
and  3.  7. 15.  This  power  train  will  offer  the  following: 

•  Lower  Cost 

c  Simplicity  of  design  as  compiu'ed  with  current  Ordnance  power 
trains 

•  Easier  maintenance  due  to  design  simplicity 

•  Better  ratio  spread  compared  with  current  Ordnance  power  trains 

•  Higher  rating  -  design  rating  of  40,  000  lb  GVW 

•  Less  space  -  provides  a  vehicle  weight  equivalent  to  the  vehicle 

with  the  selected  power  train,  by  permitting  a  decrease  in  hull  length. 
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Pinvi'r  Trains  (CuiUimicd) 

3,  7.  4,  2  Hydrostatic  and  llydronicchanical  Powc'r  Trains 

As  shown  in  Fi[J:urc  3.7.  12,  the  study  revealed  a  limited  numl)er  of  mech¬ 
anical  units  available  within  the  required  welf^ht  range.  Because  of  the 
])otential  adv;uitages  offered  by  hydrostatic  and  hydromochanical  power 
trains,  this  area  was  thoroughly  investigated. 

FMC  compiled  a  specification  covering  all  the  desired  power  train  features 
and  contacted  the  following  loading  manufacturers  of  hydrostatic  and 

hydromechanical  units; 

•  General  Electric 
9  Sundstrand 
a  Stratos 
a  Vickers 

Each  of  these  companies  responded  with  a  pov/er  train  design,  all  of 
which  are  included  in  Appendix  J  (Volume  IV).  Comparative  features  of 
those  units  are  summarized  in  Figure  3.  7. 12. 

I  Of  the  designs  received,  two  (General  Electric  ajid  Sundstrand)  incorpo¬ 

rate  most  of  the  specified  characteristics.  Both  of  these  designs  are 
infinitely  variable  over  the  entire  vehicle  speed  range  and  offer  relatively 
high  efficiencies.  Comparative  predicted  performance  of  these  units  with 
the  Allison  XTG-250  power  train  is  shown  in  Figure  3.  7. 16.  Both  of 
these  units  provide  more  available  horsepower  at  the  sprockets,  on  the 
average,  than  does  the  mechanical  power  train,  although  they  both  "fall 
off"  at  the  maximum- speed  condition. 
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I'l'X-'llNU.'AI,  UIX’OR'J'  MA'JHINICRY 

Rower  'I'lMiiis  (Coiitiiuicd) 

'riicsf  unils  I'ecniirc  the  use  of  a  control  devire  which  schedules 
speeti  and  I ransiuission  ratio  to  provi<l(‘  the  most  efficient  o|)eration  of 
llie  eiipine-l I'ansinission  (and  the  host  fuel  economy)  for  any  particular 
o|)('rat  inp  condit  ion, 

A  hydraulic  pro|)eller  drivi'  (k'seription  is  included  with  the  power  train 
information  in  Aiipendix  .1  (Volume  IV).  'I’lu'  General  Electric  system, 

with  an  over-all  efficiimcy  of  90%,  la'cpiires  2  to  2-1  4  inch  ID  lines  for 
the  1,800  psi  system  shown;  a  reduction  in  line  si/,e  is  possible  with  an 
increase  in  system  pressure.  'I’he  requirements  that  the  proiiellcr  be 
r('fraclabl(!  and  steerable  would  neca  ssifati'  the  use  of  eilher  fle.xible 
lines  or  swived  couplinps.  The  required  liiu'  size  and  system  pn'ssurt' 
would  result  in  a  iiropelh'r  strut  and  hub  sipnif icanl ly  larpcu-  than  th;it 
iK'eck'd  for  a  mechanical  drive'. 

Because’  the  Diffe're'iif ial  Hydremmedianie'al  and  Hyelrosltifit:  Power  Trains 
require’  a  e'c’rtain  amount  eif  ck’vcleipmenl  time  whiedi  is  neit  e'ompafible 
with  the  assumed  devele)pment  pr  ipram,  the  mee:hanical  power  train  was 
selee'ted  feir  its  prejven  capabilil ie-s.  However,  beeaiuse  of  the  many  jjos- 
sible  advtuUapes  eif  the  differential  hydromcchanical  a.nd  hydreistatic.  peiwer 
trains  over  the;  mechanical  power  train,  it  is  recommended  that  considera- 
tiein  be  given  tei  testing  one  of  these  in  one  of  the  prototype  vehicles,  or 
on  a  testbed,  using  an  LVTP6  reduced  to  40,  000  lb  GVW. 

3.  7.  4.  3  Electrie-al  Power  Trains 

For  some  time,  FMC  has  studied  and  evaluated  developments  of  both  AC 
and  DC  systems  in  the  electric  drive  field.  The  recent  advent  of  new 
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types  (if  i)iiwer  control  coni|)onent s,  made  possible  by  advances  in  tin; 
state-of-tiu'-art ,  has  permitted  reduction  of  an  electric  drive  system's 
weight.  An  electric  drive  systcMii  for  the  "Maximum  Armored  Vehich;", 
as  shown  in  Figure  3.7.  17,  would  weipji  3,250  lbs,  com|)art!d  to  tiui  3,890 
11)  weiplit  of  the  selected  mechanical  dri\’('  train. 

While  DC  systems  have  many  desirable  features,  they  are  heavi('r  than 
AC  systems.  'I'he  use  of  commutators  and  wound  rotors  limits  tiu'  speed 
at  which  DC  motors  may  be  o|)('rated.  thus  prohibitinj^'  a  weitthi  I’educlion 
which  would  be  possible  with  hip;her  spc'eds. 

The  AC  system  shown  in  Fipiure  3.7.  17  stems  from  the  recent  developiiu'iit 
of  the'  silicon-controlh'd  re'ctifie'r.  I'his  reclific'r  lends  control  f h'xibilily 
to  the  AC  system  similar  to  that  of  a  DC  system  and  utili/.es  only  solid- 
state  com[)onents.  The  i)rimary  system  consists  of  a  hi[i;h-frequency 
alternator,  frequency  converter  and  control,  and  traction  motors.  An 
adviuitage  of  the  electric  cU’ive  system  is  that,  in  the  e;ase  of  the  "Maximum 
Water  Performance  Vehicle",  the  propeller  is  driven  by  an  intetfral 
electric  motor  in  the  propeller  hub. 

The  incorporation  of  an  electrical  ch’ive  system  will  entail  a  development 
cost  of  approximately  one-half-million  dollars,  including  two  complete 
sets  of  prototype  equipment.  It  is  estimated  that  a  complete  production 
set  of  motors,  alternator,  and  controls  would  cost  twenty -thousand  dollars, 
as  compared  with  approximately  seven-thousand  dollars  for  the  transmis¬ 
sion  and  final  drives  of  a  mechanical  drive  line.  The  high  development 
and  production  costs  of  an  electrical  drive  system  do  not  permit  its  use 
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in  Hie  LVTPXll  at  this  time;  however,  further  developments  in  this  field 
may  increase  its  desirability. 

Tlie  advanta^^cs  of  an  electrical  ch’ive  system  are  as  follows: 

•  Improved  Fuel  Economy 

•  Improved  Tractive  Effort 

•  Increased  Steering  Versatility 

•  Improved  Braking 

•  Simplified  Controls 

•  Improved  Vehicle  Design  Flexibility 

•  Better  Weiglit  Distribution 

•  Better  Utilization  of  Space 

•  Reduced  Quantity  of  Spare  Parts 

«>  Improved  Power  Train  Durability,  Reliability,  and  Ease  of 
Maintenance 

•  Universal  Electric  Power  Source  Capability 
Additional  information  is  included  in  Appendix  J  (Volume  IV). 

3.7.5  Drive  Trains 

Figure  3.  7. 18  is  a  comparison  table  of  the  drive  train  combinations 
investigated.  The  drive  train  selected  for  the  LVTPXll  shown  in 
Figure  3.  7. 1,  consists  of  the  Cummins  V8-300  water-cooled  diesel 
engine,  the  Allison  XTG-250  power  train,  and  FMC  final  drives.  The 
final  drive  is  shown  in  Figure  3.  7. 19.  The  installed  weight  of  the 
selected  drive  train  is  3890  lb. 
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For  further  information  on  engine  or  power  train  components 
see  Figures  3.7.3,  3.7.9,  3.7.11,  3,7.12, 

2  Cummins  V8-350  is  same  basic  engine  as  V8-300  (to  be  used 
on  LARC-5);  increased  rating  based  on  development. 
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For  further  Information  on  engine  or  power  train  components 
see  Figures  3,7.3,  3.7.9,  3.7.  11,  3.7.  12. 

2  Cummins  V8-350  is  same  basic  engine  as  V8-300  (to  be  used 
on  LARC-5);  increased  rating  based  on  development. 


3  Based  on  predicted  fuel  economy  figure. 

4  Referring  to  Dwg.  1077329,  note  reduced  size  of  engine  compartment 
due  to  compactness  of  engine  and  ])ower  train,  making  possible  reduction 
in  vehicle  length  by  8  inches. 
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An  alliirnale  tlrivo  train,  composed  of  tlie  Lycomini,^  AVM-625  air-cooled 
diesel  engine,  the  Allison  XTG-250  p(nver  train,  mid  FMC  final  drives, 
has  also  been  selected.  The  weii^ht  of  this  drive  train  is  3405  lb. 

3.  7.  5.  1  Drive  'I’rain  Coolinp 

'I'he  radiator  and  contact  cooler  are  located  on  the  starboiu’d  side  of  the 
(Mipine  compartment,  the  belt-driven  fan  is  kicated  under  the  exhaust 
hatch,  and  a  transmission  oil  cooler  is  located  at  the  ri^dit  side  of  the 
enpine,  as  shown  in  Figure  3.  7.  1. 

During  land  operation,  the  horizontal  aluminum  flapper  valves,  located 
under  the  intake  and  exhaust  hoods,  ;u’o  opened  by  the  ch’iver  to  permit 
unrestricted  airflow  through  the  engine  (mrnpiu’tment. 

During  water  operation,  these  valves  lU’e  lowered  by  the  ch’iver,  closing 
the  air  intake  and  restricting  the  o.'diaust  opening,  to  limit  the  amount  of 
water  taken  into  the  engine  compartment.  Cooling  is  provided  by  the 
contact  cooler,  located  on  the  right  sponson.  Both  aspiration  and  make¬ 
up  air  iu'c  ch’awn  from  the  personnel  compartment  air  inlet,  as  shown. 

The  alternate  drive  train  shown  in  Figure  3.  7.  2  includes  an  air-cooled 
diesel  engine.  Cooling  airflow  is  shown  in  Figure  3.  7.  20.  The  Lycoming 
engine  is  equipped  with  integral  cooling  fans  and  an  engine  air  cooler.  A 
seawater  radiator  and  circulating  pump,  also  shown  in  Figure  3,  7.  20,  are 
used  to  effect  a  slightly  different  means  of  cooling. 
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Durinj^  land  operation,  the  flapper  valves  lu'o  positioned  to  provide 
unrestricted  airflow,  as  before. 

During  wat(!r  operation,  the  intake  flapper  valve  is  completely  closed  by 
the  driver,  and  the  e.xhaust  flapper  is  moved  to  restrict  the  air  exhaust, 
thus  limiting  the  amount  of  water  taken  aboiu’d.  The  cooling  air  is 
recirculated  within  the  engine  compiuTment,  utilizing  a  seawater  radiator 
to  cool  tlic  air.  Aspiration  mid  make-up  air  ;u'e  provided  as  before. 

Land  Operation  Requirements  -  The  fmis  provided  with  either  engine 
ai’e  designed  to  move  sufficient  air  through  the  ballistic  grilles  to  cool 
the  engine  and  power  train  under  conditions  ranging  from  operation  at 
full  speed  and  power  to  operation  with  the  engine  lugged  down  and  the 
converter  at  0.  3  speed  ratio,  in  an  ambient  of  125°F. 

Water  Operation  Requirements  -  The  heat-rejection  capacity  required 
for  water  operation  is  determined  by  the  amount  necessary  to  cool  the 
engine  while  at  full  speed  and  power  with  the  transmission  converter  in 
lock-up. 

Several  hundred  feet  of  the  motion  picture  film  of  the  1958  High  Surf 
Tests,  made  by  the  Marine  Corps  Tracked  Vehicle  Test  and  Experimental 
Unit  at  Monterey,  California,  were  reviewed  in  order  to  establish  vehicle 
immersion  times  and  depths.  Going  out  through  surf  ranging  up  to  twelve 
feet,  the  maximum  immersion  time  was  two  seconds,  the  average  depth 
of  water  above  the  vehicle  v/as  two  feet,  and  wave  periods  were  as  low  as 
seven  seconds. 
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Drive  Trains  (Coiuituicd) 

Calculations  of  water  intake  through  im  open  hatch,  based  on  the  above 
factors  and  substantiated  by  water  test  of  a  wooden  mock-up  of  the  hatch, 
indicated  a  bilge  pum|)  capacity  of  1600  gpm  would  be  required,  to  remove 
tlie  water  taken  aboard.  Therefore,  the  contact  cooler  and  restriction  of 
the  air  openings  are  recommended  for  the  selected  ch'lve  train. 
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3.8  SUSPENSION 


The  suspension  system  shown  in  Figure  3.8. 1  was  selected  for  toth  the 
''Maximum  Armored  Vehicle"  and  the  "Maximum  Water  Performmice  Vehicle". 
This  "high  return"  type  system  comprises  the  following  items: 


«  Torsion  bars 

•  Individually  sprung  road  arms 

•  24-inch-diameter  road  wheels 

•  Band  type  tracks 

•  Return  rollers 


This  system  was  selected  after  an  analysis  based  on  the  following: 

•  Ride  characteristics 

•  Effect  on  water  propulsion 

•  Weight 

•  Simplicity 

•  Component  life 


A  careful  analysis  of  all  suspension  components  was  made  in  order  to 
recommend  the  lightest  suspension  consistent  with  the  design  requirements. 
The  "Maximum  Armored  Vehicle"  suspension  has  an  estimated  weight  of 
6,  616  lb,  and  the  "Maximum  Water  Performance  Vehicle"  6,  296  lb.  The 
weight  difference  is  due  to  the  addition  of  paddles  to  the  tracks  of  the 
"Maximum  Armored  Vehicle". 
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3.8.1  Suspension  Requirements 

With  the  advent  of  nuclear  warfare,  it  has  become  lncreasin[jly  desirable 
to  provide  greater  unit  dispersal  throuf^h  increased  vehicle  mobility. 
Mobility,  under  off-road  conditions,  is  still  llmitad  primarily  by  the 
driver's  ability  to  remain  in  control  of  the  vehicle  under  tlie  violent  pitch 
and  IxDunce  conditions  resulting  from  undulating  terrain. 

Two  different  series  of  tests  were  made  during  tills  study  In  order  to  select 
the  best  combination  of  springing  and  damping.  One  test  consisted  of  a 
scale  model  instrumented  to  measure  the  vertical  accelerations  and 
pitching  encountered  on  simulated  cross-country  courses.  This  test.  . 
is  included  in  Appendix  E  (Volume  II).  The  second  was  a  computer 
program  which  mathematically  analyzed  various  systems  produced  by 
varying  the  following  characteristics  and  conditions: 

•  Spring  rates 

•  Snubbing  rates 

•  Speeds 

•  Road  profile 

•  Roadwheel:  amplitude 

•  Suspension  configuration 

This  test  is  included. in '.Appfendix  A- (Vo luhife  II)< 

3.8.2  Suspension  Types 

Tracked  suspension  systems  can  be  placed  in  two  basic  categories,  those 
em.ploying  a  "high-return"  track, as  shown  in  Figure  3.8.2,  and  those  using 
a  "flat"  track,  as  shown  in  Figure  3.8.3. 


3.8.2 


\'K'sk'i\  HAIi 


.\\i  'k'l; 


icirmMFniAii  aum'.I 
H  INf.ll  1)1'  IHAVI- 1  ' 

I  IHifir  AMD  Rl  AP  ARMS 
I' .  INI  II  III'  INAVI  I 


I 


rORSlON  BAR 


anchor 


I 


I4IV2 


INTERMEDIATE  ARMsf 
6  INCH  UP  TRAVEL  ' 

FRONT  AND  REAR  ARMS 
10  INCH  UP  TRAVEL 


lORSiON 


ANCHOR 


J 1 


‘i; 

1!. 


V 

n- 


;••-■•  -•  S.--RCUL 


i»0CK  ABSORBFR 


PE  T l,Pf  I  PC  Lur ' 


/ 


/ 


TRACK  SHROUD  REMOVED 
COR  CLARITY 


J  ■ 


■  -  'f 


--)•  -  f •  %V >*•  **  /•  V  r-  « 1  •  ^  >3n* 

‘isV  i)  il  '"‘i*  ,1  !**  ' C*>'  ■'  'i  ! 

U  ^^'z/y  llv  ^  ;  A  yy 


COMPENSATOR  AND 
TRACK  ADJUSTER 


M 1-1/2 


INTERMEDIATE  ARMS 
8  INCH  UP  TRAVEL 


FRONT  AND  REAR  ARMS 
10  INCH  UP  TRAVEL 


Frallmlrrary  Damlgn  Eng(n«*rlno  OHONANCB  OlVISIOM 

FOOD  MACHINEKV  AND  CHEMICAL  COAFOAATION  SAN  JOSE  CALIFORNIA 

DA*t90CTfal 

OFArrtUAN  ttMl 

SUSPENSION 

ARRANGEMENT 

LVTPXII 

'*  “<■  449 

(NOiNCia 

owe  NO 

1077316 

■BIQSSlEii 

Figure  3.8:i 


I 

I 


FORWARD 


TRACK 


i 


TECHNICAL  REPORT 


SUSPENSION 


Suspension  Types  (Continued) 

The  system  selected  for  the  LVTPXll  and  shown  in  Fi[;ure  3.8.1  utilizes 
the  high-return  track  and  was  selected  because  of  the  following  advajitages: 

•  Smaller  road  wheels  -  Road  wheels  are  not  required  to  support 
the  return-track  strand,  and  their  upward  travel  is  not  restricted 
by  the  tension  of  the  return  track,  resulting  in  a  softer  suspen¬ 
sion. 

•  Better  water  propulsion  characteristics  -  Tests  have  shown  that 
the  high  return,  in  which  the  return  track  operates  close  to  the 
sponson,  creates  less  drag,  resulting  in  greater  net  forward 
thrust  for  water  propulsion. 

•  Greater  roadwheel  travel  -  Permits  softer  springing  by  allowing 
increased  upward  travel  of  the  road  wheels. 

•  Compatibility  -  Provides  more  space  and  better  mounting  conditions 
for  shock  absorbers. 

The  advantages  offered  by  a  flat  track  configuration  (Figure  3.  8.  3),  for  this 
vehicle,  are  as  follows; 

•  Less  weight  -  Does  not  require  a  track  tension  compensator  or 
return  rollers. 

»  Fewer  components  -  No  return  idlers 

•  Fewer  hull  stress  problems 
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3.8.3  TrackH 

FMC  seloctoci  a  2 1 -inch-wide  band  track  for  the  "Maxlnnim  Annorecf  Vehicle" 
and  an  18-inch-wide  band  track  for  the  "Maximum  Water  Performance  Vehicle". 

Roth  band-type  and  block-type  tracks  wore  evaluated  during  this  study. 

Band  tracks  have  been  successfully  used  for  some  time  on  lightweight  vehicles, 
but  not  on  vehicles  in  the  35,000  lb  class.  A  recent  design  program  conducted 
Ijy  General  Motors  Technical  Center  for  Detroit  Arsenal,  under  Contract  DA- 
20-018-ORD-14510,  indicated  that  band  tracks  could  be  designed  for  this 
weiglit  vehicle  at  a  weight  savings  over  block  tracks.  Figure  3.8.4  sliows  the 
data  on  tracks  tested  under  this  contract. 

The  XM551  Armored  Reconnaissance  Vehicle  currently  under  development 
has  botli  a  band-  imd  a  block-track  program  to  develop  a  2,500-mile-life  track, 
FMC  recommends  the  use  of  the  track  developed  for  this  vehicle  for  use  on 
the  LVTPXll.  Evaluation  tests  of  these  tracks  are  scheduled  for  the  near 
future.  In  the  event  of  failure  of  this  development,  FMC  recommends  that  a 
lightweight  block  track  development  program  be  initiated  for  the  LVTPXll. 

A  typical  l)and  track  is  shown  in  Figure  3.  8.  5.  This  21-inch-wide  track  is 
estimated  to  weigh  36  Ib/ft  and  the  18-inch-wide  track  32  Ib/ft.  The 
32  Ib/ft  data  has  been  supplied  from  the  XM551  ARV  program. 

The  study  also  included  both  six-inch-pitch  and  four-inch-pitch  steel-block 
tracks  as  well  as  aluminum  blocks.  A  21-inch-wide,  single-pin,  rubber- 
bushed,  steel  block  is  shown  in  Figure  3.  8.  6  and  is  estimated  to’ weigh  60  Ib/ft. 
Figure  3.8.7  shows  a  steel  block  track  utilizing  a  bushed  hollow  pin.  This 
track  is  estimated  to  weigh  56  Ib/ft. 
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Tracks  (Continued) 

High-strength  aluminum  alloys  permit  an  aluminum  block  design  provided 
hard  materials  are  applied  to  the  prlmai'y  areas  of  weai*.  Figures  3.  8.  8 
through  3.  8.  11  show  various  ways  of  facing  the  wear  surfaces.  It  Is 
estimated  that  the  21 -Inch-wide  aluminum  block  track  will  weigh  46  Ib/ft. 

Aluminum  block  tracks  offer  the  possibility  of  a  further  reduction  In  suspen¬ 
sion  component  weight,  but  are,  as  yet,  unproven.  FMC  was  recently 
awarded  a  contract  by  OTAC  to  continue  the  development  work  on  such  a  track. 
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3.8.4  Spruckols 

Tlic  iK'i'ossily  fur  providing  a  front  ramp  fur  improved  vehicle  trim  greatly 
influenced  the  selection  of  a  rear  drive.  Experience  shows  that  the  height 
of  tlie  rear  sprocket  is  closely  related  to  the  track-throwing  characteristics  of 
a  vehicle  when  oi)erating  in  loose  material,  while  the  height  of  the  front  idler 
determines  the  obstacle-climbing  ability.  The  optimum  location  must  be 
compromised  Ijy  tlie  sponson  height,  to  maintain  a  low  vehicle  silliouette. 

The  front  idler  location  shown  in  Figure  3.  8.  1  was  also  Influenced  by 
the  configuration  of  the  front  fenders,  both  from  a  desire  to  minimize  the 
fender  projection  forward  of  the  hull  and  to  still  provide  maximum  fender 
wrap-around  for  water  propulsion.  The  obstacle-climbing  ability  is  Improved 
by  the  sloping  under-bow  of  the  vehicle. 

An  alternate  approach  to  the  idler  location  can  be  obtained  by  moving 
the  idler  up  and  forward  and  elevating  the  sponson  height  locally.  This 
could  possibly  cause  a  slight  track-to-sponson  contact  in  reverse 
operation. 

An  11-tooth  sprocket  was  selected  to  provide  the  minimum  sprocket 
size  commensurate  with  the  track  flexure  angle. 

3.8.5  Road  Wheels 

Twenty-four-inch-diameter  aluminum  road  wheels  were  selected  as  the  best 
compromise  between  roadwheel  upward  travel,  return  track  height,  and  the 
available  longitudinal  space. 

Current  production  aluminum  road  wheels  consist  of  a  formed  center  section 
welded  to  a  rolled  outer  rim,  with  a  steel  wear  ring  riveted  to  the  guide  side 
of  the  rim.  Movement  between  the  wear  ring  and  the  wheel  accelerates  tire 
wear.  FMC  conducted  a  program  which  tested  both  bonded  and  sprayed  wear 
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Road  Wlu'els  (Coiiliiuied) 

rings,  some  of  which  are  sliown  in  Figure  3.  8.  12.  The  sprayed  wear  ring, 
Figure  3.  8.  12  (1)),  proved  siipc'rior  to  both  the  riveted  and  bonded  rings. 

Tests  currently  being  conducted  Ijy  FMC  indicate  a  strong  possibility  that  an 
e.\|)losive-formed  road  wheel  can  be  used  in  the  future,  thus  permitting  a  lighter 
wheel  through  better  distribution  of  material. 

Plastic  road  wheels  were  tested  by  the  military,  prior  to  this  study,  with 
very  little  success.  Although  they  offer  an  area  of  substantial  weight  savings, 
they  are  very  susceptible  to  the  temperature  extremes  encountered  in  service. 

3.8.6  Road  Arms 

The  selected  suspension,  shown  in  Figure  3.  8.  1,  uses  alloy  steel  front  and 
rear  road  arms  and  aluminum  intermediate  arms  to  effect  the  maximum 
|K)Ssible  weight  saving.  Both  individual  arms  and  the  walking-beam  arrange¬ 
ment  shown  in  Figure  3.  8.  13  were  studied.  The  suspension  analysis  included 
in  Appendix  A  (Volume  II)  shows  certain  advantages  offered  by  the  walking- 
beam  arrangement  whereby  the  road  wheels  are  able  to  walk  over  certain 
types  of  obstacles  with  very  small  road  arm  movement.  It  is  recommended 
that  such  a  system  be  carried  through  the  hardward  stage  to  permit  a  side-by- 
side  comparison  with  a  conventional  system. 

3.8.7  Springs 

Torsion  bar  springs  were  selected  for  the  LVTPXll,  after  the  following  types 
of  springs  were  investigated: 

•  Torsion  bars 

•  Torsilastic  springs 

•  Hydropneumatic  springs 
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3. 8.  7.1  Torsion  D.'irs 

Steel  torsion  bars  are  currently  used  on  the  majority  of  tracked  vehicles 
and  offer  the  following  advantages: 

•  Simplicity 

•  Low  cost 

•  Reliability 

•  Ease  of  maintenmice 

Experimental  work  in  plastic  torsion  bars  is  presently  being  planned,  but 
plastic  torsion  bars  have  not  proven  feasible  at  this  time. 

3.  8. 7. 2  Torsilastic  Springs 

A  typical  installation  is  shown  in  Figure  3.8, 14.  Although  a  torsilastic 
installation  is  approximately  equal  in  weight  to  a  torsion  bar  installation,  it 
presents  different  structural  problems. 

To  provide  the  10-inch  roadwheel  travel,  a  torsilastic  spring  must  be 
approximately  16  inches  in  diameter,  thus  infringing  upon  either  cargo  space 
or  ground  clearance. 

3. 8. 7.3  Hydropneumatic  Springs 

Several  systems  were  investigated,  and  one  typical  system  is  shown  in 
Figure  3.8.  iS.  These  systems  offer  the  following  advantages: 

•  Built-in  shock  absorbers 

•  Variable  spring  rate 

e  Suspension  lock-out 
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Hydropncumatic  Si)rln[^s  (Continued) 

When  the  load  Is  applied  to  the  road  arm  in  the  rotary  vane-type  system 
shown  in  Fl{^ure  3.8,15,  the  rotary  hydraulic  cylinder  is  turned,  forcing 
oil  to  one  end  of  the  cylinder. 

As  the  oil  is  forced  in,  it  moves  the  free  piston,  further  compressing  a  gas 
on  the  other  side  of  the  piston.  As  the  load  on  the  road  arm  is  reduced,  the 
compressed  gas  forces  the  oil  out  of  the  cylinder,  into  the  vane  areas,  thus 
returning  the  road  arm  to  its  original  ix)sition.  A  balance  between  the  oil 
and  gas  pressures  supports  the  vehicle.  A  snubbing  action  is  provided  by 
a  low-pressure  accumulator  connected  to  the  exhaust  side  of  the  rotary 
hydraulic  unit. 

Although  such  systems  offer  several  advantages,  they  are  of  most  benefit 
to  specialized  vehicles.  Their  increased  cost  and  complexity  are  not 
warranted  for  the  LVTPXll. 
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:i.f  WATER  IMU)PULSION 

EMC  c'oncluilt'S  that  (rack  propulsion  for  water  oporalion  offers  a  7-1/2  inph 
speed  capaljility  with  a  maxiimiin  of  simiilicity.  This  type  of  propulsion  is 
shewn  on  (he  "Maxinuiin  Armored  Veliicle”,  Fij^mrc  3.2,  1.  Tlic  "Ma.xinuim 
W.iti'r  I’erforniance  Vehicle",  Fipure  3.  2.  1,  uses  a  propeller  for  water  pro¬ 
pulsion  to  achieve  f)-l  2  inph. 

The  ad\ antapes  .iiul  disadvanlape;:  of  tlu'se,  and  other  water  propulsion  methods, 
■  ire  e\alualed  in  this  sectioii 

d.d.l  Hull  Shttpe 

Because  an  LVT  is  basically  a  land  vehicle,  the  hull  ctinnol  be;  designed  to  the 
optimum  water  pi'rtormanci'  for  a  piven  avtiilable  power.  It  must  bo  de.sipned 
to  perform  as  efficiently  as  possible  within  the  limittitions  imposed  by  the 
followinp  considerations: 

a  Water  performance 

0  Land  performance 

®  Crew  Vision 

®  Space  requirements  for  crew,  cargo,  and  machinery. 

The  above  considerations  dictate  a  short,  wide  hull  with  tracks  extended  well 
below  the  hull  bottom.  The  limitations  on  the  bow  and  stern  overhang  imposed 
by  the  approach  and  departure  angles  obviously  are  not  conducive  to  low  hull 
resistance  to  the  water. 
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Hull  Shape  (Coni iiuied) 

Heiiip  restricted  to  the  short,  wide  hull  shape,  the  foHowiiit;  ai)proac;hes  were 
invest ipat('d  to  overcome  tlie  imposed  limitations  on  water  performance. 

•  Tandem  operation  -  two  (jr  more  vehicles  operating  in  series. 

•  Inflatable  hull  e.Ktensions  -  hull  length  extended  with  inflatable 
bags  to  improve  length  to  width  ratio. 

•  IR'vi'rsible  hull  -  front  for  land  operation  becomes  the  stern  for 
water  operation. 

o  Simulated  extended  stern  -  hull  extended  by  water  curttiin  to 
improve  length-to-width  ratio. 

3.  9.  1.  1  Taiuk'm  Opertition 

A  prior  D'l'IVlB  (David  Taylor  Model  Basin)  test  report  (No.  897)  shows  that 
the  hull  resistance  of  two  vehicles,  lashed  together  and  operating  in  tandem, 
is  equal  to  apiu’oximately  G0%  of  tiie  sum  of  the  individual  resistances.  These 
vehicles  were  tested  without  an  attempt  to  "fair"  between  the  two  hulls.  This 
apitroach  was  considered  for  the  LVTPXII,  but  was  discarded  for  the  following 
reasons: 

One,  testing  with  full  scale  LVTPG's  at  the  FMC  Test  Basin  showed  little 
propulsive  gain  when  operating  in  tandem,  apparently  due  to  tlie  fact  that  the 
rearmost  vehicle  tracks  were  operating  in  turbulent  water  and  contributed 
very  little  to  the  combined  propulsive  effort. 

Two,  these  tests  also  indicated  a  very  poor  maneuverability  characteristic 
with  the  vehicles  tied  together. 
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Tliree,  the  test  pointed  out  the  serious  structural  problems  In  providing  ado- 
ciuate  attachnu'nt  strength  to  withstand  the  separating  loads  during  surfing 
operations  and  still  have  a  quick  disconnect  capability. 

3, ').  1.2  Inflatal)le  Hull  Extensions 

In  order  to  determine  any  advantages  of  inflatable  bow  and  stern  extensions, 
a  scale  model  was  e.xtended  to  twice  its  normal  length  and  was  towed  in  tlic 
EMC  Tow  Basin.  It  indicated  a  potential  increase  in  water  speed  of  approxi¬ 
mately  1  mph  for  the  35,000  lb  gvw  track  propelled  vehicle.  However,  it  was 
concluded  tliat  this  increase  did  not  justify  the  increase  in  vehicle  complexity, 
particularly  when  ruggedness,  installation  time,  and  stowage  problems  are 
consider'd.  Figure  3.  9. 1  shows  this  model  being  towed  at  a  prototype  speed 
of  7-1/2  mph  (6.  5  knots).  This  model  was  identified  as  No.  lA. 

3.  9.  1.  3  Reversible  Hull 

A  concept  based  on  using  one  end  of  the  vehicle  as  the  front  during  water 
operation  and  the  other  end  as  the  front  during  land  operation,  was  investi¬ 
gated.  Placing  the  driver  at  what  would  be  the  stern  of  the  vehicle  during 
water  operation  permitted  an  improvement  of  the  bow  lines,  (the  stern  for 
land  operation)  within  the  limitations  imposed  by  the  departure  angle. 
However,  model  testing  indicated  ^  increase  in  water  speed  as  compared 
to  the  hull  configuration  finally  chosen  and  the  concept  was  discarded. 
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figure  3. 9.  1  MODEL  NO 
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3.9.  1.4  Simulated  Extended  Stern 

In  order  to  Improve  the  length-to-wldth  ratio  of  the  hull,  a  test  was  made  with 
the  model  equipped  with  a  horizontal  water  curtain  along  the  bottom  and  skies 
of  the  vehicle  stern.  This  water  curtain  served  to  propel  the  vehicle,  Improve 
the  length-to-wldth  ratio  and.  In  a  full-size  vehicle,  would  reduce  the  bow  wave  by 
"drawing  off"  water  from  the  bow. 

Figure  3.9.2  is  a  photo  of  a  stern  jet  model  being  tested  In  the  FMC  Tow 
Basin.  This  test  showed  no  measurable  reduction  In  hull  resistance  compared 
to  tow  tests  of  this  model  without  the  water  curtain. 

The  long  ducts  required  from  bow  to  stern  would  also  lead  to  high  head  losses 
resulting  In  reduced  propulsion  efficiency. 

3.9.2  Model  Tests 

The  following  1/16  scale  models  were  designed  and  built  for  tow  testing. 


Model  No. 

1 

-  Conventional  Square- shape 

-  Figure  4.  9.  3 

Model  No. 

lA 

-  Inflatable  Bow  and  Stern 

-  Figure  4.  9.  3 

Model  No. 

2 

-  Rounded  Bow  and  Stern 

-  Figure  4.  9. 3 

Model  No. 

3 

-  Reversible 

-  Figure  4.  9.  3 

Model  No. 

4 

-  Fully  Rounded 

-  Figure  4.  9.  4 

Model  No. 

5 

-  "Maximum  Armored 
Vehicle" 

-  Figure  4.  9.  4 

Model  No. 

7 

-  "Maximum  Water 
Performance  Vehicle" 

-  Figure  4.  9.  4 

3.9.5 


FIGURE  3.9.2  STERN  JET  MODEL 


FIGURE  3.9.3 
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No.  5 


FIGURE  3.  9.4 


No.  7 
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3.  9.2.1  Model  No.  1 

This  model,  a  conventional  LVT  hull  with  square  corners,  was  built  and 
tested  to  establish  a  reference  or  basis  of  comparison  for  other  model  tests. 
Figure  3.9.5  shows  this  model  being  towed  at  a  prototype  speed  of  6.  9  mph 
(G  knots).  Based  upon  the  available  power,  it  indicates  a  potential  speed  of 
G.  5  mph  using  tracks  for  propulsion.  This  craft,  while  similai'  to  the 
LVTPG,  owes  its  superior  performance  to  its  better  displacement-to- length 
ratio  (compared  to  the  LVTPG). 

3.9.  2.  2  Model  No.  2 

This  rounded  bow  mid  stern  model  showed  good  performance  capability  through 
the  range  of  speeds  attainable  by  track  propulsion.  The  primary  objection  to 
this  configuration  was  the  vulnerability  of  the  exposed  fenders  and  tracks  to 
damage  both  to  themselves  and  to  ships  and  docks.  Figure  3.  9.  6  shows  this 
model  being  towed  at  a  prototype  speed  of  9  mph  (7.  8  knots).  It  has  a 
potential  speed  of  6.75  mph,  based  upon  the  available  power  using  tracks  for 
propulsion. 

3.  9.  2.  3  Model  No.  3 

This  reversible  hull  model  was  discussed  in  paragraph  3.  9. 1.  3.  When  towed 
at  speeds  above  7  mph,  the  model  exhibited  instability  in  the  form  of  weaving 
from  side  to  side.  The  bow  was  modified  by  using  an  inverted  vee  and  this 
reduced  but  did  not  eliminate  the  yawing  tendency.  Figure  3.  9.  7  is  a  photo  of 
'the  model  being  towed  at  a  prototype  speed  of  7.  5  mph  (6.  5  knots  ).  Based  on 
available  power,  it  has  a  potential  speed  of  6.  75  mph  using  tracks  for  pro¬ 
pulsion. 
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FIGURE  3.9.5  MODEL  NO.  1 
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Another  test  niade  with  this  model  was  to  simulate  retraction  of  the  tracks, 
rc'sultinpf  in  a  potential  speed  increase  of  0.  3  mph.  This  gain  does  not 
justify  ttu;  increased  cost  and  complexity  required  to  effect  track  retraction. 


3.  9.  2.  4  Model  No.  4 

Ttie  model  was  tlie  water  jet  model  (Figure  3.  9.  2)  reworked  to  conform  to 
the  width  and  length  limitations  given  in  the  "Development  Characteristic". 
'I'his  model  exhibited  the  lowest  hull  resistance  of  Models  1  through  4,  but  is 
considered  impractical  from  the  standpoint  of  simple  fabrication  and  restricts 
the  siKo  of  the  cargo  compiu’tment.  It  also  penalizes  land  performance  with 
its  limited  ground  clearance  and  poor  obstacle  climbing  ability.  Figure  3.  9.  8 
sliows  this  model  being  towed  at  a  prototype  speed  of  9.  2  mph  (8  knots). 

Figure  3.  9.  9  is  a  plot  of  hull  resistance  versus  speed  for  Models  1  through 
4  at  35,000  lb  GVW. 

3. 9.  2.  5  Model  No.  5 

This  hull  shape  is  the  "Maximum  Armored"  vehicle  shown  in  Figures  3.  2. 1 
and  3.2.2.  It  was  tow  tested  at  displacements  of  25,  000  and  35,  000  lb  up 
through  speeds  exceeding  8  mph,  which  is  considered  to  be  in  excess  of  the 
speed  attainable  by  track  propulsion  in  the  water.  The  model  exhibited 
excellent  stability  through  this  range.  Figure  3.  9. 11  shows  the  hull  resis¬ 
tance  versus  speed  curve  with  Figure  3.  9. 10  showing  the  model  being  towed 
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PROJ.  449 
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FIGURE  3.9.8  MODEL  NO.  4 
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at  a  prolulyi)e  speed  of  7,  5  nipti  (6,  5  knots),  Ineluded  as  Appendix  G  of  this 
report  is  a  IGnnn  film  of  this  hull  ljein[^  tcjwed. 
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FIGURE  3.  9.  10  MODEL  NO.  5 


3.  9.  2.  6  Model  No.  7 


The  "Maximum  Water  Performance  Vehicle",  shown  in  Figures  3.  3.  1  and 
3.3.2,  is  represented  by  this  model.  It  is  designed  for  the  relatively  higher 
speeds  attainable  by  the  use  of  a  propeller.  Figure  3.  9. 12  shows  the  model 
being  towed  at  a  prototype  speed  of  9-1/4  mph  with  the  hull  resistance  versus 
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.1  _ 

speed  curve  shown  in  Figure  3.  9. 11. 
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Till'  hull  has  huun  made  as  lon^f  as  possible,  but  still  allowing  lor  the  propeller 
installation  at  the  rear,  so  that  the  overall  vehicle  length  with  the  propeller 
slowed  will  not  exceed  Uie  313- inch  limit  given  in  the  "Development  Clnunicter- 
islie".  It  has  also  lieen  narrowed  to  a  width  of  120  inches.  To  maintain  a  low 
silhouette,  the  height  has  been  held  to  a  minimum.  With  this  configuration,  the 
tow  model  exhibiti'd  excellent  stability  up  to  speeds  of  10  mph,  considered  to 
be  the  up|)er  limit  for  the  propeller  driven  vehicle.  Included  as  Appendix  G, 
Volume  II,  is  a  IGmm  film  of  this  model  being  towed. 

3.0.3  Propulsion  Methods 

With  Llie  ol)ject  of  obtaining  the  maximum  water  speed  with  the  250  net 
horsepower  required  for  Uuid  o[)eration,  the  following  propulsive  means  were 
studied. 

a  Vehicle  Tracks 
o  Hydrojets 
0  Propellers 
®  Other  Devices 

The  evaluation  factors  used  in  the  testing  and  study  of  the  various  propulsive 
means  are  given  below: 

*  Effect  on  speed 
®  Size,  weight,  and  cost 
»  Simplicity 
@  Power  requirements 
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•  EH'ecl  on  moliilily 

•  Eas('  of  installation  and  removal 

•  Vnlneraljility 

•  Logistic  la'quirements 

3.  9.  3.  1  Truck  Propulsion 

To  obtain  the  maximum  water  speed  from  a  vehicle  using  tracks  for  pro¬ 
pulsion  it  is  necessary  to  carefully  consider  the  design  of  the  track  fenders 
and  shrouds  and  the  track  itself.  The  track  serves  the  function  of  accelerating 
the  water  to  a  final  discluu'ge  velocity  and  the  fenders  and  shrouds  serve  the 
function  of  directing  the  water  from  the  return  track  in  a  direction  opposite  to 
the  direction  of  travel. 

Unshrouded  vehicle  tracks  without  fenders  will  produce  practically  no  useful 
thrust  because  the  thrust  from  the  upper  and  lower  track  strands  cancel  each 
other.  The  purpose  of  the  shrouds  and  fenders  then  is  to  channel  the  water 
accelerated  by  the  upper  track  strand  and  direct  it  so  that  it  is  disclKirged  in 
the  same  direction  as  the  water  accelerated  by  the  bottom  strand.  Fender  and 
shroud  modifications  have  little  or  no  effect  on  the  power  required  to  move  the 
vehicle  track  at  a  specified  speed. 

Thrust  obtainable  from  tracks  is  directly  proportional  to  the  product  of  the 
volume  of  water  accelerated  and  the  difference  between  the  discharge  velocity 
of  the  accelerated  water  (relative  to  the  vehicle)  and  the  vehicle  speed.  Thrust 
and  resultant  vehicle  speed  can  be  increased  by  increasing  the  speed  of  the 
tracks  (increasing  both  discharge  velocity  and  volume  of  water  accelerated)  or 
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liv  mi  ll  .iMiu’  tlir  .tinouMi  t)f  water  piikcd  ii|)  hy  the  tracks.  An  increase  in 
I  iilii  I-  i  r(|iiin  .s  .tn  increase  in  powen'.  puwer  reipiired  is  directly  proportional 
I"  till-  .iiinuiiil  111  w.iter  accelerati  d  hy  the  (racks  and  proportional  to  the 
|ii'  'ilu'  1  111  (he  discharge  velocity  and  the  differmice  of  (he  squares  of  the 
w.iii  r  iti.scli.irpi'  \'elocily  and  the*  I’clocily  uf  (he  \’ehicle.  In  order  to  obtain 
(111  iciisi  thi  iea  with  the  |)owi'r  available,  it  is  desii-able  to  keej)  the  track 
'.I  h'l  nv  (.iiiii  <■lllt.se(luent  water  discharge'  eclucity)  relatively  low  and  the 
.iiii‘iunl  'I  w.itcr  picked  up  by  the  tracks  lupti.  A  lialanci'  is  required  Ix'tween 
tr.u  i.  iliii'ity  .ii.d  1  he  .iinouiit  of  w.iter  carried  to  attain  the  desirt'd  water 
.^peed>  ,it  Ilf  lie. 11'  a  |)eak  i)owei'  point  of  the  i  ne,ine. 

1'"  di  ii  riniiie  the  most  efficimil  arrtintq'menl  of  fenders  and  shrouds,  a 
1  •!  M'.ile  sell  pi'opidled  niodid  of  tlu'  'I’lld  was  tested  at  the  PMC  I'ost 
Ibisiii.  Tin  modtd  static  drawbar  pull  was  measured  for  various  configurations 
111  f.  nders  .md  shrouds.  These  ti'sts  also  confirmed  the  I'csults  that  have  boon 
reported  pri  \jiiusly  (Sparkman  and  Sti'phens  Report,  datc'd  5-31-44).  Figure 
3.11,  13  i;  the  arraugcmicml  used  as  a  "standard"  of  comptirison  and  represents 
th"  d(  sipn  of  current  amphibious  tr;ick('d  vehicle  fendei’  .ind  shroud  configurations. 

Tile  n'siills  of  these  model  tests,  combiiK'd  witli  previous  testing  of  models 
,ind  full -SI/, e  \'(’hicle,s,  determined  the  fendei-  and  shroud  arrangement  shown 
in  Figu ri's  3.2.2  and  3.3.2. 

0  Track  Design 

In  accordance  with  the  "Development  Characteristics",  the  horsepower 
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avciilahlc  lo  ilu'  track  was  (U-tcnniiu'd  t)y  ilie  land  perforniancc  re¬ 
quirements.  Siiu'('  the  veiiicle  is  pi  iniarily  a  land  vehicle,  the  desipn 
of  tile  track  will  In',  to  a  great  e.xli'nt,  dictated  by  the  land  performance. 

As  noted  in  Section  3.8.  band-type  tracks  were  selected  in  order 
to  minimi/.e  ilie  veiiicle  suspension  weiglu.  Design  of  the  grousers 
must  lie  i.uiori'd  to  lioili  land  and  water  reciuiremenls.  It  is  desiratjle, 
tor  w.iier  operation,  tiiai  a  iial.ince  in;  reached  between  the  track  speed 
ami  tile  .imount  of  water  acci derated,  so  Uiat  reasonable  vclnclc  wtUer 
\'('locity  can  lie  olilained  witli  the  availalile  power. 

•  Ft'nder  Arrangements 

d'lu'  following  fender  <irr;mgemems  were  tested  to  arrive  at  ilie  con¬ 
figuration  iliat  would  provide  tlu'  greatest  drtiwbar  pull  in  the  self- 
liropelled  modt'l  tests. 

Figure  3.9. 13  -  Standard 

Figure  3.9.  15  -  90'  Wrap-around 

Figure  3.  9. 16  -  150"' Wrap-around 

Figure  3.9.  17  -  150"'  Wrap-around  witli  extension 

Figure  3.  9.  18  -  Flat  pkite 

The  tests  indicated  that  the  Iront  fenders  should  wrap  around  the 
sprocket  as  far  as  possible.  Extensions  beyond  the  tangent 
point  of  the  sprocket,  approximately  150°,  do  not  increase  the  forward 
thrust.  Figure  3.  9. 14  is  a  tabulation  of  the  relative  static  thrust 
obtained  from  the  different  configurations  at  a  sprocket  speed  of  450 


rpm. 
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CONFIGURATION 

FIG.  NO. 

RELATIVE 
STATIC  THRUST 

Stand. irci 

3.9.  13 

1.0 

90  Wr.ip-.iround 

3.  9.  15 

1.4 

150  Wi'ap-nround 

3.  9.  16 

2.0 

150  Wrap-around  exlcmded 

3.  9.  17 

2.0 

Flat  Plato 

3.9.  18 

1.5 

FIGURE  3.  9.  14 

One  t('st  was  run  wilh  tlio  rear  I'cndors  completely  removed.  With 
the  track  rolatinp  in  the  normal  forwiU’d  direction,  static:  thrust  was 
very  sliphlly  less  than  the  thrusi  nunisured  with  the  fenders  instal¬ 
led.  Wlu'ii  tlu'  track  rotation  was  reversed,  the  model  still  moved 
in  a  forward  direction,  but  with  very  little  thrust.  This  was  evident¬ 
ly  due  l(j  the  front  fenders  deflecting  a  portion  of  the  water  flow 
created  l)y  the  lower  track.  This  test  shov/ed  that  no  thrust  for 
reverse  propulsion  is  obtained  without  the  rem’  fenders,  and  that 
they  should  wrap  around  the  sprocket  as  far  as  possible.  The  rear 
fenders  deflect  the  water  flow  from  the  upper  track,  thus  adding  to 
the  thrust  obtained  by  the  lower  track. 

Since  these  tests  show  the  importance  of  the  full  wrap-around  front 
fender  to  the  vehicle  water  performance,  they  are  utilized  in  the  de¬ 
sign;  however,  the  protruding  fenders  present  a  vulnerability  prob¬ 
lem,  particularly  during  off-shore  loading.  Figure  3.9. 19  shows  a 
retractable  front  fender  arrangement  that  would  minimize  the 
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FIGURE  3.9.  17  150'’  WRAP-AROUND  FENDER-EXTENDED 


FIGURE  3.  9. 18  FLAT  PLATE  FENDER 
3.9.  24 
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l)()ssil)ilily  ul  [LMuicr  (laniag<,'  and  tlie  subsequent  effect  on  water  per¬ 
formance.  It  IS  reconini(Mul('d  that  such  a  fender  configuration  be 
desigiK.'cl  for  the  prototype  LVTPXll  for  evaluation  puri)oses. 

•  Reversing  Vanes 

In  an  aticmipt  to  improve  tlie  track  thrust,  curved  reversing  vanes 
were  inserted  in  tiie  upper  track  lU'ea  to  reverse  the  return  water 
fiow. 

Figure  3.9.20  shows  the  model  equipped  with  reversing  vanes  above 
tlie  upper  track.  Tlie  purpose  of  the  vanes  was  to  reverse  part  of 
this  wati'i’  flow  and  eject  it  toward  the  rear  of  the  vehicle,  through 
an  oiieiiing  in  tiie  rear  of  the  hull. 

Figure  3.  9.  21  shows  tlie  model  equipped  with  reversing  vanes  on  the 
side  of  the  track  shroud.  This  arrangement  also  included  deflector 
blades  mounted  diagonally  on  the  bottom  of  the  sponson  plate. 

Those  configurations  did  not  show  sufficient  thrust  increase  to  war¬ 
rant  further  testing.  Because  of  the  limited  nature  of  these  tests, 
such  devices  siiould  not  be  rejected  completely.  A  more  refined  de¬ 
sign  of  the  reversing  vanes  might  show  an  improvement  in  thrust. 
This  must  be  a  significant  increase,  to  outweigh  the  vulnerability 
and  added  complexity. 


FIGURE  3.9.20  REVERSING  VANES  ABOVE  TRACK 
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•  Slinuid  Cliaiip,i.'.s 

Figure  vF  4.  23  siiows  tiu'  variDiis  slua)ud  dc'pths  that  wore  tested. 

The  relative  thrii.sts  obtained  are  shown  in  Figure  3.9.  22. 

CONFIGUltATION  RELATIVE  THRUST 

Standard  1.0 

D(‘ep  shroud  1.0 

Full  Outside  0.8 

Full  outside  and  inside  0.  1 

FIGURE  3.9.22 

The  ti'.sts  indicati*  that  the  shroud  dt'pth  may  vary  between  the  stan¬ 
dard  and  d('ep  shroud  cunliguration,  for  maximum  efficiency,  but 
that  the  thrust  is  drastically  reduced  by  excessively  deep  shrouds. 

3.  9.  3.  2  Hydrojets 

A  hydi’ojet  is  essentially  a  pump  located  within  the  vehicle,  a  duct  connected 
to  the  pump  inlet  for  picking  up  water  outside  the  vehicle,  and  a  nozzle  con¬ 
nected  to  the  pump  outlet  for  discharging  the  water  at  a  relatively  high  velocity. 

The  following  manufacturers  were  consulted  regarding  the  application  of  a 
hydrojet  to  the  LVTPXll; 

9  Hydrodynamics  Division 
FMC  Corporation 
301  West  Avenue  26 
Los  Angeles,  Calif. 
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•  MarhiiuTV  Cunsultaiils,  Inc.  , 

GlOl  Vci'niiini  Street 
Dc'trnit  B,  Micliipan 

e  nerkel(  y  Pump  Company 
I'.  U.  l3o.\  7,  Sl.t.  A 
Perkeley,  Calif. 

•  C'urti.s.s-Wripht  Corporation 
Wriphl  Acuonaulical  Divi.sion 
Wood-Ridpc'.  New  Jersi'y 

•  Hanley  Hydrojc'l 
Pro.specl,  Oliio 

0  Ac'rojet -Gi’iieral  Corporation 
A/usa.  Calif. 

•  Indiana  Gear  Works 

Division  of  the  Buehfer  Corporation 
9000  Precision  Drive 
Indianaiiolis,  Indiana 

While  none  of  tliese  companies  is  contemplating  production  of  a  unit  of  suffi¬ 
cient  size  for  the  LVTPXll,  the  information  they  furnished  (included  in 
Appendix  E,  Volume  If)  represents  the  state-of-the-art  of  hydrojet  propulsion. 

The  ability  of  a  pump  to  convert  mechanical  energy  into  the  water's  kinetic 
energy,  or  pump  efficiency,  is  claimed  to  vary  from  70%  to  90%  for  present 
units.  This  does  not  take  into  account  the  losses  in  the  LVTPXll  application 
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due  to  frietion,  inability  to  make  full  use  of  the  velocity  head  induced  by  the 
veliicle  speed,  and  imperfect  flow  tlirough  the  duct. 

Using  a  i)ump  efficiency  of  80%,  a  duct  efficiency  of  75%,  and  with  210  hp 
availal)le  at  tlie  liydrojet  slutfl,  the  following  nozzle  diameters  would  be  re¬ 
quir'd  for  a  single  liydrojet  unit. 


SPEED 

NOZZLE  DIA. 

EFFICIENCY 

8  mpli 

0.9  ft. 

23.6% 

9  mpli 

2.  1  ft. 

31.9% 

9.  5  mph 

3.8  ft. 

46.7% 

Sample  calculations  for  the  above  arc  included  in  Appendix  E,  Volume  II. 

A  hydrojet  unit  with  a  46-inch  nozzle  diameter  would  be  required,  to  match 
tlic  performance  of  a  32-inch  Kaplan  propeller  mounted  in  a  Kort  nozzle. 

Based  on  the  assumptions  used  for  the  single  unit,  two  discharge  nozzles 
32-1/2  inches  in  diameter  would  be  required.  The  use  of  additional  units  was 
considered  but  discarded  due  to  the  space  and  machinery  requirements. 

The  efficiency  of  a  hydrojet  caa  be  increased  by  providing  a  scoop  at  the  water 
inlet  to  more  efficiently  utilize  the  velocity  pressure  induced  by  the  forward 
motion  of  the  vehicle.  However,  such  a  scoop  must  be  made  retractable  be¬ 
cause  of  its  vulnerability.  Most  of  the  present  hydrojets  discharge  above  the 
waterline  to  avoid  the  back  pressure  created  by  discharging  under  the  water. 
This  cannot  be  easily  accomplished  in  .he  LVTPXll  design. 
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One  (jf  tlie  largest  laetors  against  the  use  of  the  hydrojet  principle  is  the  loss 
of  Ijuoyancy  and  space  caused  by  the  required  ducts.  For  these  reasons  as 
well  as  tlie  si/e  requirements,  the  propeller  installation  is  recommended  as  a 
more  practical  means  of  water  propulsion. 

3.  9.  3.  3  Propellers 

Mr.  V.  K.  Atkins  of  the  Doran  Company  of  Oakland,  California,  a  firm 
si)ociali/ing  in  marine  propeller  design,  was  consulted  regarding  the  applica¬ 
tion  of  a  in'opeller  to  the  LVTPXll.  Hull  drag  curves,  vehicle  configura¬ 
tion  drawings,  and  power  data  wore  furnished  by  FMC  for  evaluation.  Based 
on  tins  data,  a  wake  fraction  of  0.  35  and  a  thrust  deduction  factor  of  0.  25, 
tlK'  following  iH’opeller  was  recommended  for  210  hp  available  at  the  propel¬ 
ler  shiift: 

K4.  55  propeller  in  NSMB  Nozzle  19 
Diameter  -  32  in. 

Type  -  Kaplan  (square-tipped) 

No.  of  blades  -  4 

Speed  -  700  rpm 

Considering  the  relatively  low  vehicle  speeds,  the  hull  resistance,  and  the 
power  available,  it  is  desirable  to  use  the  largest  possible  propeller  dia¬ 
meter;  however,  for  this  application,  physical  limitations  require  a  compro¬ 
mise  in  the  diameter. 

The  selected  Kaplan  propeller  and  its  nozzle  have  a  limiting  dimension  of 
approximately  38  inches  diameter.  To  obtain  equivalent  propulsive  charac¬ 
teristics,  a  50-inch-diameter  unshrouded  propeller  would  be  required. 
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It  is  predicted  that  tlie  32-iiu'li-t!iainotL'r  propeller  will  provide  water  speeds 
of  9  to  9-1  2  nipli  for  the  LVTPXll.  Tliis  ijredietioii  was  based  on  prelimi¬ 
nary  cavitation  studies.  It  is  sup:p;esled  that  a  more  complete  study  be  made 
to  vt'rify  this  prediidion, 

D(!sip:n  of  tiu'  LVl'PXll  proi)eller  siiould  Ije  similar  to  that  shown  in  Figure 
3.  9.  2‘1,  except  that  llie  forward  and  reverse  gearing  will  be  in  a  gearljox 
attached  to  the  power  take-off  of  the  power  train,  as  shown  in  Figure  3.3.2  . 
Tlu'  |)ropeller  design  should  permit  steering  and  retracti(jn,  and  a  kick-l)ack 
f(!ature  for  protection;  consequently,  it  will  not  be  as  complex  as  the  unit 
shown  in  Figure  3.9.24.  The  comi-detc  propeller  and  its  drive  installation 
are  estimated  to  weigh  1500  lljs. 

In  order  to  reduce  the  propeller  diameter,  a  twin  propeller  installation  was 
investigated,  but  it  was  found  that,  to  maintain  the  same  propulsive  efficiency, 
twin  24- inch-diameter  propellers,  operating  at  970  rpm  in  Kort  nozzles, 
would  be  required.  Such  an  installation  also  poses  the  problems  of  increased 
wciglit  and  cost,  additional  controls,  and  increased  maintenance. 

The  capability  of  increased  speed  is  only  one  of  the  advantages  of  a  propel¬ 
ler  installation.  Due  to  the  efficiency  increase  (46%  as  compared  to  17% 
for  tracks),  the  water  range  is  increased  for  a  given  amount  of  fuel. 

Other  propeller  drive  installations  investigated  included  a  propeller  located 
in  a  tunnel,  thus  eliminating  the  retraction  requirement  and  minimizing  the 
vulnerability.  However,  to  provide  reasonable  water  entry  to  the  propeller, 
the  hull  had  to  be  lengthened.  It  was  estimated  that  the  tunnel- mounted 
propeller  would  provide  only  75%  of  the  efficiency  of  the  propeller-nozzle 
combination. 
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3. 9.  3.  4  Other  Devices 

Altllout^h  the  apparent  intent  of  tlie  "Development  Characteristics"  is  to 
limit  the  use  of  propulsion  devices  requiring  auxiliai'y  power  means,  several 
such  devices  were  given  a  preliminiu’y  evaluation.  These  devices  included 
pulse  jets  and  outboard  motors.  Since  nothing  in  this  iU'ea  offered  anything 
desirable  for  the  LVTPXll,  the  effort  was  discontinued. 
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3,  H)  CONTROLS 

3.  10.  1  In.strimic'iil.s 

Tlu'  following;  i)ant’l- mounted  in.siruments  arc  located  immediately  forward  of 
the  dri\'er: 

•  'I’achometer 

e  Speedometer 

•  C(jolaiU- tempo  rail!  re  t^auf.;e 

•  Fuel  t;au^e 

•  Hydraulic  oil  pressure  ^auge 

•  Hiph  temperature- low  pressure  indicating  lights 

Thes('  instruments  ar('  supplementf'd  by  the  conventional  master  switch,  power 
switch,  lighting  switches,  and  bilge  pump  switch. 

3.  10.  2  Controls 

All  engine  and  steering  controls,  as  well  as  wiring  and  plumbing,  arc  routed 
through  the  control  tunnel  above  the  left  sponson. 

For  the  ''Maximum  Armored  Vehicle",  steering  for  both  land  and  water  operation 
is  accomplished  with  the  same  wheel-type  control,  actuating  a  mechanical  linkage 
to  the  differential  steering  unit. 

The  "Maximum  Water  Performance  Vehicle"  utilizes  a  wheel-type  control 
for  land  steering,  but  steering  during  water  operation,  prior  to  reaching  the 
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surf  /.oi\(',  is  In  means  of  a  lever-type  control  that  acliiafes  the  |)ropeller 
hydraulic  stc'erinp  cylindc'r.  In  the  surfini^  and  beatdiinp  operations,  the 
whetd  control  is  used,  sinci'  only  the  tracks  are  used  fur  propulsion. 

The  s;ear  selca  tor  is  mounted  in  a  (piadrant  to  the  right  of  the  driver  and  is 
connected  by  nuHdianical  linkage  to  the  power  train. 

Mechanical  controls  aiu'  provided  adjacent  to  the  driver  for  adjustnumt  of 
the  .lir  intake  and  ('xhaust  oi)(‘nings. 

The  "Ma.ximum  Water  Performance  Vehicle"  is  also  provided  with  a  swiltdi 
for  hydraulically  retracting  or  extending  the  propeller  drive.  A  clutcdi, 
controlh'd  by  the  driver,  is  incorporated  in  the  power  take-off  for  the 
propelhu'  drive. 

A  mechanical  control  is  located  adjacent  to  the  driver  for  operation  of  the 
ramp  lat(dies,  with  a  switch  controlling  the  hydraulic:  circuit  utilized  for 
ramp  retraction. 
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Til  SUaSYSTEMS 

Tills  section  (lescrilies  tlu*  following  vehicle  siihsyslenis: 

•  i''uel  sysU'in 

•  Hydraulic  sysleni 

•  Eh'ctncal  syslcuii 

•  Hi 4:c‘  iHiiiips 

•  Eire  extinpuisliiiie  system 

•  Comiiuinicatioiis  system 
«  U’liileri/alioii  kit 

•  CHH  proti'ctioii 

3.11.1  Fuel  System 

A  12r)-palloii  [u(>l  c('H  is  located  on  the  port  side  of  the  enpHiie  compartment,  as 
shown  in  Fipurc'  3.7.  1.  The  selected  location  causes  only  a  2-1/2-inch  totiil  change 
of  tiu'  transverse  trim  of  tlie  LVTPXll  between  the  full  and  empty  cenditions,  which 
liermits  a  nearly  even  transverse  trim  for  the  majority  of  the  period  use. 

A  manual  shutoff  valve  and  a  fuel  filter  are  located  at  the  cell  outlet.  Fuel  pres¬ 
sure  is  supplied  by  a  standard  Ordnance  electric  fuel  pump. 

The  fuel  cell  filler  neck  is  located  at  deck  level  and  includes  a  telescoping  section 
for  refueling  under  rough  sea  conditions. 

3.11.2  Hydraulic  System 

A  1,  500  psi  hydraulic  system  is  required  for  the  ramp  cylinder  and  the  two  hydrau¬ 
lically  driven  bilge  pumps.  An  engine -mounted  hydraulic  pump  and  a  two-gallon 
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reservoir  are  located  in  the  engine  compartment.  The  reservoir  is  provided 
with  a  filter  and  an  easily  accessible  filler  neck. 

3.11.3  Electrical  System 

3.  11.3.  1  Electrical  Power  System 

Twenty-eight  volt  electrical  power  is  provided  by  the  100-ampere  engine- 
mounted  alternator.  Four  storage  batteries  furnish  power  when  the  engine  is 
not  operating.  These  are  waterproof,  nickel-cadmium,  thin-sintered-plate  bat¬ 
teries,  connected  to  provide  200-ampere-hour  capacity  for  optimum  performance 
at  liigh  current  demands  during  cold-weather  operation.  Battery  location  is 
sliown  in  Figure  3.7.1.  The  capacity  of  200-ampere-hours  will  provide  start¬ 
ing  capability  to  0°F  without  engine  preheating.  For  operation  below  this  temp¬ 
erature,  the  engine  and  battery  compartments  should  be  preheated. 

A  slave  receptacle,  Ordnance  Part  No,  7321299,  is  provided  to  permit  auxiliary 
engine  starting  or  battery  charging.  In  addition,  this  receptacle  may  be  used 
as  an  external  source  of  power  for  maintenance  tools.  One  MS  35107-3  mainten¬ 
ance  light  is  provided  in  the  engine  compartment  and  one  in  the  personnel  com¬ 
partment,  for  botli  blackout  and  service  lighting.  Utility  outlets  are  also  provided. 

3.11.3.2  Lighting  Systems 

Land  Lighting  -  The  following  lights  are  provided  in  the  land  lighting  circuit: 


Quantity 

Nomenclature 

Ord.  Part.  No. 

2 

Headlamp,  service 

8735874 

2 

Headlamp,  blackout 

8735875 
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Nomenclature 

Oi’d.  Part  No. 

•) 

Lamp  Assy,  blackout  marker 

8741G44 

1 

Lamp  Assy,  right  tall  and  stop 

8738786 

1 

Lamp  Assy,  left  tall  and  stop 

8378785 

Tilt  I'  ll  i:iil  lamp  assembly  incorporalc’S  both  the  service  tail  and  stop  lamp 
and  a  blaclaml  markei'  lamp.  The  ripht  tail  lamp  assembly  incorporate.^  the 
blaclanii  slop  lamp  and  blackout  markei’. 

.diiiec  ihe  "Devedopment  Characteristics”  require  that  the  land  lights  be  re¬ 
movable,  jirovisions  are  incorporated  for  accomplishing  this;  however,  it  is 
|•el■(lmmeluled  that  these  lamp  assmnblies  be  permanently  fixed,  due  to  the  dif- 
liculiv  in  establishing  headlamp  focus  each  time  the  lamps  are  installed.  These 
l.imps  could  be  installed  in  suitably  protected  enclosures,  as  in  past  design  of 
mi  litary  vehicle's. 

A  signal  searchlight  with  detacliable  color  lens  is  externally  mounted,  as  re¬ 
quired,  and  is  stowed  in  the  personnel  compartment. 

Marine  Lightmg  Sj/stem  -  To  comply  with  the  U.S.  Coast  Guard  "Rules  of  the 
Hoad”  the  following  marine  navigation  lights  are  provided.  All  marine  light¬ 
ing  is  removable  and  is  stowed  in  the  personnel  compartment. 

e  White  bow  lamp,  BuShips  No.  815-1197112  symbol  203,  mounted  on  a 
portable  mast  that  can  be  attached  to  the  center  of  the  forward  ramp  to 
extend  the  lamp  above  tlie  cupola  height.  An  outlet  is  provided  in  tlie 
deck  for  power. 
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•  VVhilo  stern  lamp,  DuShips  No.  9000-SG405-74100  symbol  211.  This 
is  also  a  portable  lamp  that  can  be  attached  at  the  stern. 

•  Green  starboard  lamp,  DuShips  No.  9000-SG405-73885  symbol  208. 1. 

•  Red  port  lamp,  DuShips  No.  9000-SG405-73885  symbol  207.  1. 

3.11.4  Dilp^e  Pumps 

The  LVTPXll  is  equipped  with  four  bilge  pumps,  as  shown  in  Figure  3.2.2,  with 
a  total  caijacity  of  GOO  gpm  at  6-foot  head.  One  pump  forward  and  one  pump  aft 
are  hydraulically  driven,  and  the  other  pair  are  electrically  driven.  The  pump 
locations  provide  pumping  capability  regardless  of  the  trim  attitude.  The  two 
different  pump  drives  were  chosen  for  the  following  reasons: 

0  Electric  drive  on  two  pumps  permits  a  300  gpm  emergency  pumping 
capability,  in  event  of  power  failure,  by  utilizing  the  vehicle  storage 
batteries. 

•  Hydraulically  driving  two  pumps  minimizes  the  electrical  load  on  the 
battery  and  the  alternator. 

3.11.5  Fire  Extinguishing  System 

Doth  a  fixed  system  and  portable  extinguishers  are  provided  for  the  LVTPXll. 
The  fixed  system  is  composed  of  a  10  lb  CO2  cylinder,  located  in  the  engine 
compartment,  and  its  associated  release  cables,  as  shown  in  Figure  3.7. 1. 

One  pull  handle  is  located  adjacent  to  the  driver  and  another  on  the  deck, 
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;u'(:os.sil)lo  from  outside  the  vehicle.  Operation  of  eitlier  handle  do-cnergizes 
the  electric  fuel  pump  and  discharge.s  the  cylinder.  A  portable  5  lb  CO2  cylinder 
is  stowed  in  the  personnel  comiiartment. 

3.  11.8  Communications  System 

As  specified  in  the  ''Development  Characteristics"  and  as  shown  in  Figure  3.2.2, 
sufficient  space  is  provided  for  installation  of  a  GFE  radio,  either  tlie  AN/PRC-47 
or  the  Collins  Radio  Model  618T.  Antenna  base  mounts  are  provided  for  both 
transmitting  and  receiving  antennas. 

3.11.7  Winterization  Kit 

Provision  is  made  for  the  installation  of  a  standard,  Ordnance,  multifuel,  60,000 
DTU  healer  in  the  personnel  compartment.  Both  combustion  and  conditioning  air 
is  drawn  from  the  personnel  compartment.  Combustion  exhaust  is  ducted  through 
vent  in  the  deck,  and  conditioned-air  exhaust  is  ducted  to  the  driver  and  vehicle 
commander  stations  and  the  personnel  compartment.  A  duct  is  also  provided  to 
the  battery  compartment  to  aid  in  cold-weather  starting. 

3.11.8  Armament 

The  turret  shown  in  Figures  3.2. 1  and  3.3.1  is  tlie  same  as  the  turret  used  on 
the  LVTP5,  but  it  must  be  modified  to  accept  the  7.  62  mm  machine  gun  and 
redesigned  in  aluminum  consistent  with  the  hulls  armor. 

3. 11.  9  Chemical-Biological  Protection 


It  is  proposed  that  the  LVTPXll  be  equipped  with  a  CBR  filter  Model  M8A2.  This 
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Is  a  throe -man  face  mask  assembly  that  provides  4  cfm  of  filtered  air  per  man 
from  a  central  unit.  This  would  be  used  by  the  driver  and  the  assistant  driver, 
witli  the  third  mask  being  available  for  use  In  Uie  machinegun  cupola.  Troops 
will  use  their  own  protective  masks. 

To  provide  on-veliicle  protection  for  all  personnel  in  the  vehicle  Is  feasible,  but 
it  would  require  a  much  more  complex  system.  All  openings  into  the  crew  com¬ 
partment  would  require  very  tight  fitting  seals  to  keep  tlic  amount  of  escaping 
air  to  a  minimum.  Since  the  size  of  the  filter  unit  is  determined  by  the  quantity 
of  air  being  passed  through  it,  this  amount  should  be  kept  as  close  as  possible 
to  tlie  minimum  requirement  for  compartment  ventilation.  To  insure  tliat  there 
is  no  leakage  of  outside  air  in  through  any  of  tlie  seals,  the  compartment  must 
be  kept  pressurized. 

To  maintain  a  clean  atmosphere  within  the  vehicle  during  combat  operation,  an 
airlock  tent  connected  to  the  ramp  opening  would  be  necessary.  This  would  pro¬ 
vide  a  transition  area  where  tlie  troops  could  remove  contaminated  clothing  or 
use  a  decontaminant.  This  would  be  a  slow  and  vulnerable  operation  which 
would  probably  make  it  unadvisable. 


A  vehicle  protection  of  this  type  lends  itself  more  to  the  command  center  unit 
than  to  the  combat  vehicle. 
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:L  12  WEIGHT  AND  STABILITY 

3.12.1  W^'i^lit 

Eii’iire  3.  12.  1  i.s  a  suinmary  of  the  weiylits  of  the  "Maximum  Armored 
Vehicle"  and  flu  "Maximum  Water  Performance  Veliicle".  A  detailed 
weiejit  analy.sis  i.s  ineludetl  in  Appendix  D  (Volume  II). 

These  weiphLs  are  based  on  a  veliicle  that  provides  reasonable  armor 
protection  and  a  carpo  capacity  of  6,000  lbs.  Various  trade-offs  in 
armor  vi'rsus  carpo  capticity  are  discussed  in  detail  in  Section  3.  6. 
and  an  armor  analysis  is  included  in  Appendix  H  (Volume  III). 

3.12.2  St;d)ilitj/ 

The  transverse'  stability  of  tlu'  LVTPXll  is  defined  by  its  metacentric 
lu'ipht,  ri!‘hiinp  moment  cui-ves,  and  ran^^e  of  stability. 

When  llu'  vehicle  is  displaced  from  tlie  vertical,  tlie  center  of  buoyancy 
moves  outward,  providing  a  restoring  moment.  A  vertical  from  Uie  new 
center  of  buoyancy  intersects  the  original  vertical  centerline  at  the  meta¬ 
center.  The  distance  between  the  metacenter  and  the  center  of  gravity, 
metacentric  height,  is  25  inches  for  the  "Maximum  Armored  Vehicle". 

While  the  metacentric  height  is  a  measure  of  the  initial  transverse  stability 
of  the  vehicle,  tlie  righting  moment  curve  must  be  used  to  indicate  the 
vehicle  ability  to  react  to  external  forces  which  produce  large  angles  of 
roll. 


Maxinuini 

Maximum  Water 

AnnorccI  Vehicle 

Performance  Vehicle 

IlCMll 

Weight  (lb) 

Weight  (lb) 

Hull  and  Fittings 

14,794 

13,701 

Su.spcusioii 

6,C16 

6,286 

Drive  Train 

3,891 

5,391 

Elcclrical  Systeni 

340 

340 

Miscc'llanoous 

1,994 

1,979 

Fu('l 

831 

831 

Crew 

440 

440 

Cargo 

6,000 

6,000 

TOTAL 

34,906 

34,968 

FIGURE  3. 12.  1  WEIGHT  SUMMARY 


TECHNICAL  REPORT 


WEIGHT  AND  STABILITY 


Slahility  (CoiitiiuiiHl) 

For  a  positive  riplitiiip  inonienl,  the  of  [tiaivity  must  be  bel  iw  the 

metaceiitei'.  The  l  aiipe  of  slal)ility  is  the  aiiple  of  heel  at  which  eapsi/ant^ 
will  occur.  This  anple,  for  the  3r),00U  1I)GVW,  is  over  90”  for  the 
"Maximum  Armf)i'e(l  Vehicle",  uiuh'r  static  conditions. 

3.  12  3  Lonpdtudinal  Trim 

Pi'es'ious  vehich'  ('.xpc'rience  and  modcd  low  tests  sliow  that  it  is 
d('siral)le  for  the  vehicle  to  trim  k'vel  or  sliphtly  down  by  the  storn,  whim 
static  in  thi'  water,  to  avoid  bow  submerttimce  and  Llie  subsequent  incri'ase 
in  hull  resistance.  However,  since  the  sloim  will  lend  to  trim  down 
further,  due  to  dynamic  forces,  when  thi'  vidiicle  is  underway,  the  sialic 
trim  should  be  such  that  llie  stern  will  not  boc.ome  awash  when  operatintt 
at  ma.ximum  siteed. 

3.  12.3.  1  Ti'im  -  Maximum  Armored  Vehicle 

Figures  3.  12.2,  3.  12.3,  and  3.  12.4  sliow  the  vehicle  sialic  Irim  in  the 
unloaded,  troop  loaded,  and  cargo  loaded  conditions. 

In  the  unloaded  condition,  the  vehicle  trims  2.4  inches  down  by  the  stern,, 
When  loaded  with  troops,  it  trims  0.3  inch  down  by  the  stern.  In  the 
cargo  loaded  condition,  it  trims  1.5  inches  down  by  the  stern.  As  pre¬ 
viously  noted,  it  trims  down  by  the  stern  under  all  conditions  when 
underway. 


3.  12.3 
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Lon^itiidiiuil  Trim  (Continued) 

3.  12.3.2  Trim  -  Maximum  Water  Performance  Vehicle 

Figures  3.  12. 5  and  3. 12.6  show  tlie  static  trim  of  this  vehicle  in  tlie 
unloaded  and  troop  loaded  conditions.  Unloaded,  it  trims  5.6  inches 
down  by  the  stern.  The  stein-down  trim  is  3. 5  inches  and  2,  9  inches 
for  the  cargo- loaded  and  tlie  troop- loaded  conditions,  respectively. 

In  the  unloaded  condition,  tiie  stern-down  trim  of  5.6  inches  is  particu¬ 
larly  desirable,  since  this  keeps  the  propeller  submerged  under  this 
condition  of  minimum  draft. 

3.12.4  Transverse  Static  Trim 

Both  the  "Maximum  Armored  Vehicle"  and  the  "Maximum  Water 
Performance  Vehicle"  trim  essentially  level  for  all  conditions  of 
symmetrical  loading. 

Figure  3. 12.7  summarizes  the  static  trim  for  the  two  vehicles  under 
various  conditions  of  loading.  Supporting  calculations  are  included  in 
Appendix  B  (Volume  II). 

When  fully  fueled,  the  vehicles  trim  0.4  inch  down  on  the  starboard 
side  and,  when  empty  of  fuel,  2.2  inches  down  on  the  starboard  side. 
This  provides  an  essentially  level  trim  condition  for  the  major  portion 
of  the  vehicle  operating  range. 


URE  3. 12.  2  STATIC  TRIM  -  "MAXIMUM  ARMOR  VEHICLE"  VEHICLE  EMPTY 
(29,  000  lb  Curb  Weight) 


FIGURE  3. 12.  3  STATIC  TRIM  -  "MAXIMUM  ARMOR  VEHIC 
27  TROOPS  (35,  000  lb  Gross  Vehicle  Weight 


I 


12.  3  STATIC  TRIM  -  "MAXIMUM  ARMOR  VEHICLE"  LOADED  WITH 
27  TROOPS  (35,  000  lb  Gross  Vehicle  Weight) 


ft 


Ij 


fRE  3. 12.  4  STATIC  TRIM  -  "MAXIMUM  ARMOR  VEHICLE"  6,  000  LB  CARGO 
AT  CENTER  OF  CARGO  HATCH  (35,  000  lb  Gross  Vehicle  Weight) 


FIGURE  3. 12.  5  STATIC  TRIM  -  "MAXIMUM  WATER  PE 
VEHICLE  EMPTY  (29,  000  lb  Curb  Weigl 


SURE 


E  3. 12.  6  STATIC  TRIM  -  "MAXIMUM  WATER  PERFORMANCE  VEHICLE" 
LOADED  WITH  TROOPS  (35,  000  lb  Gross  Vehicle  Weight) 
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3.14  OTHER  APPLICATIONS 

Tlio  rL'coninic'iuied  vc'hiclo  luis  been  analyzocl  and  found  suitable  for  the 
following;  si)ecial- purpose  configurations: 

•  Command  vehicle 

•  itecovery  veliicle 

•  Antimechanized  weapon  vehicle 

•  Field  artillery  weapon  veliicle 

•  Air  defense  weapon  vehicle 

•  Engineer  mine-clearance  vehicle 

The  BuShips  "Development  Characteristics"  require  that  the  basic  hull, 
power  train,  and  suspension  iU’rangement  should  be  adaptable  to  the  above 
vehicles. 

3.  14. 1  Command  Vehicle 

Figure  3. 14.  1  shows  the  recommended  LVTPXll  equipped  with  the  same 
communications  components  as  the  LVTP6  command  vehicle,  developed  by 
FMC  under  Contract  NObs-3880,  Task  Order  No.  17.  The  equipment  layout 
indicates  no  difficulty  in  developing  a  command  vehicle  as  a  member  of  the 
LVTPXll  family.  New  developments,  particularly  in  the  areas  of  transis¬ 
torized  communications  equipment,  will  permit  even  better  space  utilization 

3. 14.  2  Recovery  Vehicle 


Figure  3.  14.  2  shows  the  LVTPXll  equipped  with  the  recovery  gear  used  on 
the  LVTRl. 
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;i.  M.  ;i  Anil mrclumi/rd  Weapon  Veliicle 

l''i('ure  3.  14,  3  i.s  a  coneept  illuslralinp;  Uie  ENTAC  wiro-eontrolleci  missile 
inslalled  in  the  iWl'l’Xll . 

;i.  14.4  lAi'ld  Ai'tillecy  Weaixni  Vehicle 

I'lic  tui  rel -nnninled  lOSmm  llo\vit'/.('r  installation  is  shown  in  Fipiirc  3,  14.4. 
I'hi  s  111.'- 1  .lilal  um  i.s  .siniiiar  to  the  LVTliX4  and  the  LVTH6.  Since  the 
XM7U  rocket -hoosted  artillery  weapon  is  now  beint,"  developed  as  a  replace¬ 
ment  tor  the  lOSmm  Howitzer,  it  i.s  shown  in  Figure  3.  14.5. 

14.  5  Air  I)ef('ns('  Wettpon  Vehicle 

The  Mauler  system,  currently  beinp;  devidopi'd  by  the  U.  S,  Army,  can 
be  used  with  the  LVTPXll.  The  Mauler  Launch  Pod  is  shown  on  the 
n’comnu'nded  V(4iicl('  in  Fipurt'  3.  14.  6. 

3.  14.  C  Engineer  Mine-Clearance  Vehicle 

Figure  3.  14.  7  shows  the  recommended  vehicle  equipped  with  line-charge 
mine-clearance  apj^aratus  similar  to  that  used  on  the  LVTEl.  Note  that 
a  mine  excavator  unit  is  not  shown  at  the  bow.  It  is  believed  that,  with 
further  improvement  in  line  charges,  it  will  not  be  necessary  to  carry 
the  awkward  and  heavy  excavator. 
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DEVELOPMENT  PLAN 


4.1  SCHEDULE 

This  section  describes  a  program  of  seven  phases  covering  the  development 
of  the  LVTPXll.  These  phases  are  as  follows: 

I  Design 

II  Manufacture  Engineering  Prototypes 

III  Evaluation  and  Testing 
rv  Incorporate  Revisions 

V  Preproduction  Prototypes 

VI  Testing 

VII  Production 

The  schedule  for  accomplishing  this  program,  shown  in  Figure  4.  1,  is 
based  upon  FMC's  many  yeai’S  of  experience  in  the  field  of  vehicle  design, 
development,  and  manufacturing.  This  schedule  will  permit  the  delivery 
of  the  first  production  vehicle  2  years  and  8  months  after  the  award  of  the 
initial  design  contract. 

4.2  DISCUSSION 

It  has  been  assumed  that  the  end  result  of  the  current  concept  studies  will 
be  the  issuance  of  "Development  Characteristics"  for  the  LVTPXll  out¬ 
lining  the  desired  features  from  each  of  the  studies,  and  the  award  of  a 
development  contract  will  be  based  upon  a  firm  concept  embodying  these 
features.  The  following  development  plan  is  based  upon  these  assumptions. 
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4.2.  1  Pha.se  I  -  Desi^^n 

This  phase  would  be  devoted  to  the  design  finalization,  including  detail  design 
layt)uls  and  calculations,  preparation  of  vehicle  mock-ups,  detailed  shop 
drawings,  and  process  and  operations  specifications.  After  approval  by  the 
Bureau  of  Ships,  the  drawings  and  specifications  would  be  released  to  the 
shops  lor  fabrication. 

This  phase  constitutes  a  nine-month  interval,  as  shown  in  the  Development 
Schedule,  Figure  4.  1. 

4.2.2  Phase  II  -  Manufacture  Engineering  Prototypes 

In  order  to  expedite  the  start  of  fabrication,  a  concurrent  review  of  the  design 
formulated  in  Phase  I  should  be  conducted  by  the  Bureau  of  Ships.  This  will 
permit  placing  orders  for  materials  and  long-lead  items.  As  shown  in  Figure 
4. 1,  releases  to  the  shop  could  start  at  approximately  the  sixth  month,  and 
continue  throughout  Phase  I. 

Phase  II  is  based  upon  the  fabrication  of  foui’  engineering  prototype  vehicles, 
with  the  first  unit  completed  at  the  12th  month,  and  the  fourth  at  the  end  of  the 
14th  month. 

4.2.3  Phase  III  -  Evaluation  Testing 


Upon  completion  of  the  first  prototype  vehicle,  an  evaluation  and  testing 
program  of  7-1/2  months  is  scheduled.  This  would  include  both  the  manu¬ 
facturer's  engineering  tests  and  acceptance  tests  by  the  military. 
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4.2.4  Pliaso  IV  -  Incorporate  Revisions 

Early  reporl.s  from  llie  engineering  and  user  tests  will  permit  design  changes 
and  (a)rrections  to  be  incorporated  into  the  drawings  as  the  tests  progress. 

4.2.5  Phase  V  -  Preproduction  Prototypes 

This  seven- month  phase  will  cover  the  preparation  of  production  drawings 
and  specifications  and  the  fal^rication  of  two  pilot  vehicles.  These  vehicles, 
while  not  produced  from  production  tooling,  will  permit  a  check  of  the 
production  drawings. 

4.2.6  Phase  VI  -  Testing 

Final  evaluation  of  the  vehicle  design  is  covered  in  this  three-month 
phase,  which  will  be  completed  2  yeiu’s  and  2  months  after  award  of  the 
initial  design  contract. 

4.2.7  Phase  VII  -  Production 

One  year  and  ten  months  after  the  design  contract  award,  production 
tooling  should  start.  A  lead  time  of  ten  months  is  required  to  permit 
tooling,  procurement  of  components,  incorporation  of  any  final  changes 
from  Phase  VI,  and  vehicle  fabrication.  Thus,  the  first  production  vehicle 
will  be  completed  2  years  and  8  months  after  the  initial  design  contract 
award.  A  review  of  past  vehicle  programs  at  FMC  shows  this  to  be  a 
realistic  schedule. 
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SECTION  V 


SPECIFICATION  DISCUSSION 

5.  1  GENERAL 

I'u  l)ri('fly  sliow  liow  (lu*  proposeti  desipiis  comply  with  each  S|)('cificatioii 
[•(■(piircmcnl ,  lliis  section  is  oi'pani/ed  in  llie  same  sequence  as  (lie  "Dcvel- 
opiiu'iil  Characteristics  for  Track(‘d  Amphibian  Personiu'l  and  Carf^o  Cai-rier", 
reali/inp  the  repetition  involved  with  Section  III,  the  main  section  of  the  report. 
Where  there  are  cUndations  from  the  specified  requir('ments ,  reasons  are 
briefly  stated,  with  the  ('valuation  factors  and  tiu'  detailed  conclusions  reserved 
for  Section  III  of  the  r('porl. 

'rhe  study  conclusions  are  presented  as  two  complete  vehicle  designs.  The 
first,  referred  to  as  the  "Maxinuini  Armored  Vehicle",  Figure  5.  1,  conforms 
as  closely  as  possible  to  the  specification,  while  providing  the  maximum  armor 
within  (he  35,  OOO-pound  GVW  limit.  The  s('cond,  referred  to  as  the  "Maximum 
Water  Performance  Vehicle",  Figure  5,2,  offers  increased  water  performance 
caiiabilities,  with  a  longer  narrower  hull  and  a  propeller  for  increased  water 
jiropulsion. 

5.2  PURPOSE 

This  vehicle  is  envisioned  as  the  basic  configuration  for  a  family  of  vehicles 
that  woukl  replace  the  LVTP5,  LVTP5  (CMD),  LVTH6,  LVTRl,  and  LVTEl. 

The  LVTPXll  provides  sufficient  troop,  cargo,  and  artillery  lift  to  support 
assult  elements  of  a  Marine  Division  and  to  provide  support,  air  defense,  and 
mine  and  obstacle  clearance  during  beach  assault  and  subsequent 'operations 
ashore. 
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1  maximum  armored  vehicle 
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5.3  COORDINATION 

Altonialo  roconinic'iKlations  arc  made  for  all  factors  that  do  not  permit  an 
efficient,  simple  desip:n. 

5.4  CHARACTERISTICS 

5.4.1  General  Considerations 

The  recommendations  resultin[^  from  this  study  emphasize: 

•  Simplicity 

•  Long  trouble-free  life 

•  Ease  of  maintenance 

•  Economy  of  operation 

The  Concept  Study  was  based  upon  80’!o  land  and  20%  sea  operation,  and  every 
effort  has  been  exerted  to  improve  the  performance  beyond  existing  LVT's 
wherever  possible. 

In  design,  full  consideration  was  given  to  economic  manufacturing  procedures 
for  production-line  fabrication.  In  selecting  major  components  and  materials, 
the  first  choice  is  those  items  that  are  most  suitable  and  which  will  be  suf¬ 
ficiently  developed  for  incorporation  into  the  vehicle  within  the  proposed 
schedule,  which  calls  for  vehicle  production  in  1965. 

It  is  recognized,  however,  that  many  components  or  systems  now  in  the  early 
stages  of  development  may  make  significant  contributions  to  the  over -all 
vehicle  at  a  later  date.  Some  of  these  items  could  be  developed  on  an  acceler¬ 
ated  schedule,  but  the  program  cost  would  be  very  high.  Among  the  items  in 
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Genera l_C on s id e r aj^o (Continued) 
the  development  phase  are  the  following: 

•  Hydrostatic,  transmissions 

•  Electric  drives 

•  Gas  turbines 

•  Band  and  block  tracks 

•  Armor  materials 

•  Hydropneumatic  and  torsilastic  suspensions 
5.4.2  Special  Considerations 

The  basic  hull,  power  train,  and  suspension  arrangement  are  adaptable  to 
other  special-purpose  vehicles,  such  as: 

«  Command  Vehicle 

•  Recovery  Vehicle 

•  Amphibian  Assault/ Antimechanized-Weapon  Vehicle 

•  Amphibian  Field-Artillery-Weapon  Vehicle 

•  Amphibian  Light-Air-Defense-Weapon  Vehicle 

»  Engineer  Mine-Clearance  Vehicle 

5^4.3  Operational  Characteristics 

«  Payload  -  The  reduced  rated  capacity  of  6,000  lb  is  equivalent  to  the 
weight  of  27  fully  equipped  troops,  at  220  lb  each.  This  permits  the 
addition  of  4,000  lb  of  armor  to  the  hull  without  exceeding  the  35, 000  lb 
GVW.  However,  for  intermittent  operation,  the  vehicle  may  be  loaded 
to  10,000  lb,  at  a  reduced  performance  level  as  discussed  in  Section  3.  6. 
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Opc'ratioiial  Cli_aracj.onsUcs  (Continued) 

•  Gross  VHiUTe  Woi^il  -  35,000  lb 

•  Troop  Capacity  -  27  fully  equipped  troops 

•  Crew  -  2 

5.  4.  3.1  VValc'r  Pt'rfortnance 

•  Si)eed  (inph) 

Maxinuun  Armored 
Veliicle 

Maximum  Water 
Performance  Vehicle 

•  R<'o^p,'o  -  The  125-{rallon  fuel  supply  permits  a  ran[;e  of  62  miles 
for  the  Maximum  Armored  Vehicle  at  maximum  speed.  The 
Maximum  Water  Performance  Vehicle  has  a  ran[i;e  of  78  miles 

at  maximum  speed,  or  156  miles  at  a  reduced  speed  of  7-1,  4  mpli. 

e  Surfability  -  To  provide  the  capability  of  negotiating  10-foot 
plunging  breakers,  in  either  seaward  or  shoreward  direction, 
considerable  emphasis  has  been  placed  upon  the  engine  selection, 
air  intakes,  and  vehicle  stability. 

•  Stability  -  The  LVTPXll  is  laterally  stable  under  all  conditions 
of  loading  and  is  capable  of  righting  from  a  90°  roll  with  full  pay- 
load. 

5.  4.  3.  2  Land  Performance 


Forwa rd 
7  to  7-1,  2 

9  to  9-1/2 


Reverse 

3- 1,  2  to  4 

4- 1/2  to  5 


Improved  roads  -  40  mph 
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0|)(‘r:iti()iKil  Cli;ir;i(  ti'i  i sties  (ConliiuK'd) 

•  Cr(iss-eouii(!-y  -  20  inpli,  uiulci-  aveisi^e  coiKiitioiis,  hut  exti'ciiies 
of  ic'i'iain  iiif lueius'  speeci.  Ci'oss-counti'v  spcs'cl  is  usually 
(k‘tei-iiiiiu‘d  by  th('  d('i;i'('('  of  diavt’r  eoiiifort  afforrli'd  by  tlu' 
suspf'iision  systcMH.  'riu-  suspension  d('Sipn  usi'd  provides  for 
increased  roadwlu'el  travel,  thus  peianiltinp  a  softer  susi)ension 
than  ('.xislini;  LVT's. 

•  Gradability  -  70  o  forward  slope  and  60  o  side  slope 

•  StabUdy  -  The  vehicle  is  capable  of  executing  a  00'  turn  on  a  60 'n 
side  slope,  with  full  payload. 

•  Rajige  -  Since  the  vehicR'  operating:  conditions  vary  between  niaxi- 
nuini  power  and  the  power  required  for  level  roads,  thes('  conditions 
have  been  avera[teci  tc*  provide  a  ranfj,e  of  250  miles  at  25  mph. 

•  Vertical  wall  -  29  inches  (36  inches  desired) 

®  Trench  span  -  8  feet  (8  feet  specified  minimum) 

5. 4.  3.  3  Terrain  and  Climatic  Limitations 

The  vehicle  presented  here  is  capable  of  operating  in  temperate,  tropic,  and 
artic  zones;  over  beach  and  desert  sand,  coral  reefs,  shoals,  gravel,  rocks, 
snow,  and  ice;  and  through  forested  areas  with  trees  up  to  3  inches  in  diameter. 

It  will  operate  in  air  temperatures  ranging  from  125°F  to  minus  25°F,  with 
relative  humidity  as  low  as  5%  at  12 5° F  air  temperature,  as  high  as  97%  at 
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Oprratidiial  Ch.iiMcti'nst ics  (Ccmt iiuicd) 

li'iiipcratuia  s  fianii  HO  to  HS  F,  and  as  as  100%  at  ti'inperaliircs  lower 
than  HO  F. 

5.4.3.‘l  Physii  al  Characlerisl ics 

Maximum  Ai-moreu  Maximum  Water 


Vehicle  _ 

Performance  Vehich 

Length 

285” 

313” 

Width 

126" 

120” 

fh'ight 

102” 

102” 

Gi-ound  clearance 

18” 

18” 

Aiiproach  angle 

46 

41" 

Departure  angh' 

49 

49" 

5.  4.  3.  5  Roquir('d  Characteristics 

•  -  Alter  an  analysis  of  all  possible  types  of  armor,  a  composite 

armor  of  aluminum  and  titanium,  offering  the  equivalent  of  2  indies 
of  aluminum,  has  been  selected  for  the  LVTPXll.  The  selected  hull 
designs  are  shown  in  Figures  5,  1  and  5,  2. 

The  welded  aluminum  hull  is  equipped  with  a  front  ramp  and  rear 
power  train,  to  provide  a  bow-up  trim  during  water  operation 
under  all  conditions  of  loading.  The  hull  is  divided  into  an  engine 
compartment  and  a  troop  compartment,  with  the  troop  compart¬ 
ment  equipped  with  fold-away  seats.  Cargo  doors  are  provided  in 
the  top  deck  for  loading  cargo  alongside  ships  and  docks. 

Maximum  visibility  is  provided  for  tlie  two- man  crew.  Side  hatches 
provide  emergency  exit  for  both  crew  and  personnel,  and  boarding 
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Operational  Characteristics  (Continued) 

steps  for  the  crew  are  provided  on  lx)tli  sides  of  the  hull.  Quick- 
release  tow  hitclies,  operable  from  tlie  top  deck,  and  tow  cables 
are  provided  on  both  ends  of  the  vehicle.  Lifting  eyes  and  mooring 
bitts  are  provided  on  each  corner  of  the  deck.  Safety  rails  and 
grab  handles  are  provided  for  the  safety  of  the  crew  and  troops. 
Cargo  hold-downs  are  spaced  throughout  the  troop  compartment 
for  securing  cargo.  Stowage  brackets  and  clips  are  provided  for 
securing  spares,  armament,  andOVE. 

Nonslud  deck  material  is  used  inside  and  topside. 

•  Power  train  -  A  mechanical  drive  train  provides  tiie  lightest 
possible  drive  train,  at  tiie  lowest  development  cost,  within 
the  vehicie  deveiopment  time-frame. 

The  selected  drive  train,  weighing  3,  890  lb,  consists  of  the 
Cummins  V8-300  water-cooled  diesel  engine,  the  Allison  XTG- 
250  power  train,  and  FMC-designed  final  drives. 

An  aiternate  drive  train,  weighing  3,  405  lb,  and  consisting  of 
the  Lycoming  AVM-625  air-cooled  diesel  engine,  the  Allison 
XTG-250  power  train,  and  FMC  final  drives,  has  been  described. 

The  engine  aspiration  and  exhaust  system  is  designed  to  prevent 
collection  of  fumes  in  the  crew  and  troop  compartments.  A 
scavenging  system  clears  fumes  from  the  fuel  storage  areas. 

•  Controls  -  Vehicle  controls  are  as  simple  as  possible,  with  the 
recommended  vehicle  utilizing  the  same  steering  controls  for 
both  land  and  marine  operation. 
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Opera! i Dual  Cliaracter islii  s  (Continued) 

•  EleetiMi  al  -  Service  li{^ht.s,  providiiif^  l)otli  service  and  black¬ 
out  liphtiiiK,  navigation  lights,  and  a  signal  searchlight  are  in¬ 
corporated  in  the  design.  Service  and  l)la(;koul  lights  are  pro¬ 
vided  for  till'  trooj)  anci  crew  compartments.  A  slave  receptacle 
is  incorporat(‘d  for  an  au.xiliary  starling  aid. 

•  Auxiliary  systems  -  Two  electric  and  two  hydraulic  bilge  pumps 
|)rovide  a  pumping  capacity  of  600  gpm.  The  two  electric  pumps 
offer  emergency  bilge  pump  capabilify  in  the  event  of  engine  or 
hydraulic  system  failure,  and  the  hydraulic  pumps  minimize  the 
electrical  requirements.  These  pumps  iire  located  to  permit 
ljumping  under  all  conditions  of  vehicle  trim. 

A  10  lb  CO2  fixed  fire  extinguishing  system,  operable  from  the 
driver's  position  or  from  the  top  deck,  discharges  in  the  engine 
comi)artment.  A  5  lb  i)orlable  extinguisher  is  located  in  the  troop 
compartment. 

A  winterization  kit  is  provided  for  personnel  comfort  and  cold 
weather  starting. 

The  125 -gallon  fuel  cell  is  equipped  with  an  extendable  filler  neck 
for  refueling  at  sea  in  rough  water. 

An  M8A2  Chemical  Biological  collective  protective  device  is  in¬ 
corporated  for  the  vehicle  crew. 
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Operational  Characteristics  (Continued) 

A  turret  mounting  a  7.62mm  machine  gun  provides  a  360°  field 
of  fire.  Stowage  is  provided  for  1,000  rounds  of  belted  ammunition 
and  a  ground  mount  for  the  gun. 

5.  4.  3.  6  Desired  Characteristics 

Lightweight  materials  are  recommended  in  all  possible  areas  to  effect  maximum 
weight  savings. 

5.  4.  3.  7  Landing  Force  Aspects 

The  LVTPXll  is  capable  of  being  transported  to  the  target  area  aboard  amphibi¬ 
ous  ships  of  the  LST,  LSD,  and  LPD  types. 

5.4.4  Radio  Frequency  Compatibility 


Provision  is  made  for  mounting  of  government-furnished  radio  transmitter-receiver 
equipment. 
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Au;  i:  ;iATic  k^'R  '^'RuCkad 
A'lEL  AMD  CARGO  CARRIKR 


1.  rcRPosz. 


.1  I'-'  :: ' ;" ic-il; ion  Il;o:n:  The  rt'r.luircrj,  charactorintics 
ail  .  'ap b.orcln  are  erstabllGhed  as  guides  for 
I;;'.''  • /  'I'a; of  ihe  Tracked  Amphibian  Personnel  and 

Cargo  v.:a:  rler„ 

Op. : rablonal  Enploa mont  and  Effects  on  Present 
Ir  ju  Lpi.ie  r?  a  ; 

This  veh.icle  v/111  be  used  to  transport  infantry, 
infantry  weapons  and  cargo  from  ship  to  shore  and  to  inland 
objectives  and  to  provide  fire  support  in  amphibious 
oper'ations.  The  vehicle  is  envisioned  as  the  basic  configuration 
for  a  family  of  vehicles  that  would  replace  the  LVTP5j  LVTP5(CMD) 
(Command)  LVT'Hh  (Amphibian  Howitzer)  LVTRl  (Recovery)  and 
LVTEl  (Engineer  mine  clearance). 

c.  Organizational  Concept.  Units  will  be  organized 
and  equipped  with  various  configurations  of  this  carrier  to 
proviae  sufficient  troop,  cargo  and  artillery  lift  to  support 
the  assault  elements  of  a  Marine  Division  and  to  provide  support, 
air  defense,,  mine  clearance  and  obstacle  clearance  during  beach 
assault  and  subsequent  operations  ashore, 


2 .  OOORDIMATIOH 


a.  In  any  instance  where  attainment  of  a  particular 
specification  contained  herein  threatens  the  orderly  progress 
or  tlrneiy  realization  of  this  development,  the  contractor  shall 
immediately  advise  the  Bureau  and  shall  make  appropriate 
alternative  remedial  recommendations. 

3o  CHimACTERISTICS  OP  SYSTEM,  EQUIPMENT,  TECHNIQUE  AND 
MATERIAL  TCTBE  DEVELOPED. 


a 0  General  design  considerations , 

(1)  Emphasis  in  design  is  to  be  placed  on: 

(a)  Simplicity 

(b)  Long  trouble  free  life 

(c)  Ease  of  maintenance 

(d)  Economy  of  operation. 


(2)  Thlc.  vehlol*'  vrUl  ope i.-j '•0;';'’  of  its 
life  and  afloat  20;i  of  itn  life,  Oprimirn  lanci  performance 
ir.  desired;  commensurate  v.'lth  the  requirements  for 
simplicity,  long  trouble  free  life,  ease  of  maintenance 
and  economy  of  operation.  Full  consideration  in  design 
must  bo  given  to  compatibility  with  economic  manufacturing 
procedures  for  production  line  manufacture  of  quantities 
in  excess  of  100  vehicles.  The  design  should  be  such  that 
any  qualified  manufacturer  could  reasonably  be  expected  to 
enter  into  competitive  bidding  for  quantity  production, 

TlU'  design  should  not  incorporate  features  which  could 
logically  restrict  production  of  the  vehicle  to  the  peculiar 
(  apabllitles  of  a  specific  firm.  In  selecting  major  components 
such  as  power  plant,  power  train,  suspension  and  track  special 
consideration  should  be  given  to  new  developments  and  materials. 
The  irnchinery  arrangement  should  provide  enough  flexibility  to 
take  advantage  of  newly  developed  items  which  prove  to  be 
desirable  for  incorporation  in  the  prototype  vehicles. 

b ,  Special  considerations. 

(1)  The  basic  hull,  power  train  and  suspension 
arrangement  should  be  adaptable  to  other  special  purpose 
vehicles  such  ass 

(a)  Command  vehicle. 

(b)  Recovery  vehicle. 

(c)  Amphibian  Assault/Anti-Mechanized  Weapon 
Vehicle . 

(d)  Amphibian  Field  Ar-tlllery  Weapon  Vehicle, 

(e)  Amphibian  Light  Air  Defense  Weapon 
Vehicle. 

(f)  Engineer  mine  clearance  vehicle. 

c .  Operational  characteristics. 

(1)  Payload  -  10,000  lbs.  exclusive  of  crew,  fuel; 

OVE  and  OVM.  . 

(2)  Gross  Vehicle  Weight  -  Minimum  practicable,  target 
35jiOOO  lbs. 

(3)  Troop  Capacity  -  27  fully  equipped  Marines. 
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.(4)  Crev;  -  2  (cr^v;  chief  •’  drl.ver,  asslolant  driver)., 

( 5 )  V/abor  Pevf or mance 

(a)  HUd'.eat  forward  water  speed  consistent  with 
the  power  required  for  the  specified  land  performance. 

(b)  Highest  reverse  water  speed  conslstant  with 
simplicity  of  power  train  and  required  maneuverability  in  the 
water. 

(c)  Surfablllty  -  capable  of  negotiating  10 
foot  plunging  breakers,  with  a  full  payload,  going  both 
seaward  and  ashore, 

(d)  Stability  -  Laterally  stable  under  all 
conditions  of  loading  and  capable  of  righting  from  a  60 
Degree  roll  to  port  or  starboard  while  fully  loaded, 

(e)  Range  -  minimum  50  miles  acceptable, 

(6)  Land  Performance. 

(a)  Improved  Roads  ~  40  MPH 

(b)  Cross  Country  -  20  MPH 

(c)  Gradablllty  -  70^  forward  slope  and  60^ 

side  slope, 

(d)  Stability  -  must  be  capable  of  executing 
a  90  degree  turn  with  full  payload  on  a  60^  side  slope, 

(e)  Range  -  minimum  250  miles  at  25  MPH 

(f)  Vertical  wall  -  36  Inch 

(g)  Trench  span  -  8  foot  minimum  acceptable, 

(7)  Terrain  and  Climatic  Limitations  “  The  vehicle 
shall  be  capable  of  operating; 

(a)  In  temperate,  tropic  and  arctic  zones. 

(b)  Over  beach  and  desert  sand,  coral  reefs, 
shoals,  gravel,  rocks,  rice  paddles,  snow.  Ice,  swamps,  tundra, 
muskeg  and  through  forested  areas  with  trees  up  to  3  inches  in 
diameter. 
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(c)  In  ulf  !.  ■•■in'ij  .1. -3  rnr.glr.c: 
fcC'  nilnun  25^F.  wit’*  rel.il- 1  -  ^  humid ii/.7  an  low  as  5/^  st  air 
l•.':mpor•.atureG  of  125-i'\,  u'  h.i^,h  an  9'r,.'  at  tompontures  from 
80-  to  85'^F.;,  and  an  h Igl-  aa  lOUfJ  at  all  temperatures  lower 
than  80'^F. 

d  c  rhynical  Charactorl sties 

(1)  Dime  ri  3 1.0  a -i 

(a)  I/'^agt.h  Minimu>nPracticnble 

(b)  Width  ™  Mini’iium  practicable;  maximum 
allowable  10  Tec-t  6  inches, 

(c)  Height  -  Minimum  practicable 

(d)  Ground  Clearance  -  l8  inches 

(e)  Approach  and  Departure  angles  30'^ 
e ,  Re qg Ired  Char-ac ter ist Ic s 

(1)  Hull  to  be  inherently  bouyant 

(2)  A  ramp  or  other  moans  will  be  provided  for  ease 
in  loading  troops  and  cargo.  Controls  for  the  ramp  to  be 
situated  so  as  to  be  operable  by  the  driver, 

(3)  Troop  seats  desired.  If  used  they  shall  be  of  the 
quick  fold  aviay  type  so  that  the  vehicle  can  switch  from  the 
personnel  carrier  i'ole  to  the  cargo  carrier  role  with  a 
minimum  amount  of  time  and  effort, 

(4)  Infra-’Red  night  driving  equipment  is  to  be 
Incorporated  in  the  design, 

(5)  Headlights  and  tall  lights  are  required  (normal 
and  blackout  types).  These  lights  are  to  be  normally  carried 
inside  the  vehicle  ana  mounted  in  place  when  required, 

(6)  Navigation  lights  for  operating  In  inland  and 
coastal  waters  of  the  U,  S,  are  required.  Should  be  stowed  in  the 
vehicle  and  mounted  externally  when  required. 

(7)  Means  shall  be  provided  to  allow  cargo  and  personnel 
loading  alongside  ships  and  docks, 

(8)  Adequate  means  for  escape  from  the  vehicle  shall  be 
provided  for  both  the  normal  and  upsidey condition. 
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(9)  Flu'1  -  r\.'-  •  ,•  '  1'  c-r  using  at 

Ic-s.'t  one  or  t!:o  r>‘'l  t  i  ’  o  ■  ct-.'iijitj 

JFH,,  JP.Uj  Navy  Dloo'.'i  i'n.  Ar.';'  Lon  A  multi-fuel 

capability  io  clio Irable . 

(10)  Maximum  all  .aroanu  visibility  unOor  all  driving 
r.  Dud  Itlor.s  Ir  j-oqu. rod  .  Similar  provisions  to  be  incorporated 
L'or  ',;r:o  aro.  l-  i./.ot  d;  Ivor  if  such  a  '•tai:, ion  is  incorporated  in 
dool;.';''  „ 

( 11 )  T  A  Ing  Jo.  vio'-;: :  i 

(a)  Quick  rolc-ane  bow  hitches  are  required 
.roro  .o'J  afV'c  Th.c  so  h ito'r^s  should  be  operable  by  a  crewman 
nr.  '-.Pt;  topsli.le  of  '-..Iv  vehicle  o 

(c)  A  towing  cable n  mounted  externally,  will 

be  prov  ld''-,]^ 

( IJ }  AJ':-qu.itr  bilge  pump  capacity  shall  be  provided. 

To  be  continuous  operating  when  the  main  englne(s)  is  opc'-atlng, 
r/ilgc-  pump  ,--..u.ction  lines  to  be  arranged  so  that  a  sever  list 
to  either'  side  cr  a  severe  down  by  the  how  (or  sterr.)  trim 
will  not  cd'/ru’.-ely  affect  the  eperation  of  the  bilge  pumpSo 

(13)  Fill.,  extirguishers : 

A-  .jJequ.at--  fl;co  extinguisher  system  is  required, 
Cicacity  to  be  doper.Jcnt  up-n  the  risk  (l,e„j,  type  of  fuel  used 
gasoline,  die, --el.,  JP  4^,  etc,)  System  bo  be  operable  from  inside 
and  outside  the  vehicle, 

(14)  Lifting  devices.  Lifting  eyes  and  a  lifting 
sling  are  r.^qulrad^  capable  of  lifting  the  vehicle  at  gross 
ve.t.Iole  weight,  (Toe  sling  le  not  to  be  OVE,  stowage 
pr'oyi:-:i,:e.>s  ??.ot  r..-.qalred ) , 

(19)  Mooring  Devices:  Four  mooring  bits  are 
required  topside,  one  near  each  corner  of  the  vehicle, 

(16)  Safety  rails  and  Gr.at  Handles:  to  be  provided 
inside  arii  topside  for  the  safety  of  crew  and  embarked 
personnel, 

(17)  Cargo  Hold  downs  are  to  be  provided ,  arranged 
in  such  a  manner  so  as  to  provide  a  maximum  of  flexibility 
in.  securing  various  types  of  cargo, 

(18)  Ventilation  of  the  Crew/Cargo  compartment  is 
required  for  the  comfort  of  personnel  during  operation  in 
tropic  and  temperate  zor.'fs^oiPirTrEtioT.y  both  afloat  and  ashore, 

(19)  If. highly  volatile  fuel  Is  used  consideration  must 
be  given  to  the  cequlrement  to  scavenge  those  closed  spaces 
where  fuel  leakage  will  present  a  safety  hazard. 
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(20)  Sicn  il  So<i:  ohl  :  A  vorbi^i'!' 
light  with  do1:ac  hnolf'  •••oJot’  itiv?  will  bo  7);  ov;l.diH] 
light  will  norma,! ly  be  carried  inaide  the  vehicle 
provlsloovs  for  '■x':o;‘.lor  mcuntlng  when  r.equired. 


u,l  search- 
.  Znir; 
w  1  th 


(21)  .Inside  righb.'.y,  both  white  and  blackout  are 
requlr-ed,  tv)  allow  suitable  illumination  of  the  crow  space, 
cargo/tioop  space  and  (..ngine  coinparl'.mi.nb, 

(22)  Boarding  steps  on  each  side  of  the  vehicle  are 
required,  'I'laese  at.eps  to  be  recessed  into  the  hull  and  to 
be  of  such  design.  I■..hat  sand,  debris  and  extraneous  matter 
cannot  collect  in  hhem. 


(2,3)  Compass;  A  low  cost,,  reliable^  easily 
compensated  compass  will  be  provided. 

(24)  Cold  weather  starting  aids  and  heaters  for 
comfort  of  embarked  personnel  a.T'e  required  hut  may  be 
provided  in  kit  form, 

(25)  Stowage  bi’ackets,  cabinets  and  boxes  are  requlr.  u 
for  crew  weapons,,  tools,  equipment,  on  vehicle  spares, 
armament  and  ammariltion  normally  ca.rried  on  the  vehicle. 

(26)  Auxiliary  starting  aid  shall  be  provided  t;o  allow 
ore  vabicle  ro  start  a  similar  vehicle. 


(27)  Refueling  at  sea:  The  vehicle  must  be  capable 
of  being  refueled  at  sea  in  rough  water  without  shipping 
water-  l.uto  t.he  fuel  fill  opening, 

(28)  Armamfonts  A  turret  with  sighting  equipment, 
mount .ing  a  single  7o62mm  machine  gun  (M73)  will  be  incorporated 

in  the  design  In  such  a  manner  as  to  give  maximum  close  in  support 
and  a  field  of  fire.  Provisions  for  stowage  of  1000  rounds  of 

belted,  7 « 62mm  amraun,ltloa  in  boxes,  plus  a  ground  mount,  for  the 
gun.  is  required  c 

(29)  Armor  Sufficient  armor  to  protect  the  crew  and 
embarked  personnel  from  small  arms  fire  and  shell  fragments,, 
commensurate  with  maximum  vehicle  weight  specified, 

(30)  Chemical  “•  Biological  collective  protective 

device  for  the  crew  similar  to  m8a1  or  2  is  required,  (passengers 
v;lll  have  their  own  protective  masks), 

(31)  Passive  Protection  against  the  Blast,  thermal  and 
radiological  effects  of  atomic  explosions  is  required  to  the 
maximum  extent  possible,  commensurate  with  specified  vehicle 
weights. 
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(ji2)  ('I-:'.  1.  L.  .  p. I  I'-v. -i'’ , 

(33)  in:"'!. -  V/arn Ing  (Icvicou  asi  listed  belovj 
are  the  mlniinui:i  roqiilTv-d  ,* 

(a.)  Sp-->"  Ionic  ter  (record  nillos  also) 

(b)  Tac.'-t.onir  tor-  (record  houi's  also) 

(c)  Voltmeter 

(d)  Fuel  level  gauge. 

(e)  Warning  lights  as  required  for  high 
coolnnt  temperature  or  l;iw  oil  pressure. 

(3^)  Non  skid  deck  covering  material  inside  and 
top  side. 

(35)  Engine  aspiration  and  exhaust  system  to  be 

of  such  a  design  that  dangerous  amounts  of  carbon  monoxidcr 
cannot  collect  in  the  crew  and  passenger  spaces  during 
veh ic le  opera  t Ion , 

(36)  All  hatches,  closures,  doors  and  topside 
openings  will  be  sealed  against  the  entry  of  water. 

(37)  All  hatches,  closures,  doors  and  openings  will 
be  provided  with  a  means  of  positive  loclcing  from  the 
inside,  except  one  that  shall  heave  a.  provision  for  locking 
with  a  padlock  from  the  outside. 

«  Characteristics  desired  but  not  required 

(1)  Designer  to  make  maximum  use  of  fiber  glass, 
high  Impact  plastics  and  other  light  weight  materials  for 
interior  covers,  separators,  boxes  and  bulkheads. 

(2)  Pivot  steer, 

(3)  The  transition  from  water  to  land  (and  vice  versa) 
to  be  made  with  no  requirement  for  the  driver  to  actuate  any 
special  "Water  steer"  switch  or  open  or  close  any  "Water  or  land 
air  Intake  ducts"  etc. 

g.  Landing  Force  Aspects 

(1)  This  vehicle  will  be  transported  to  the  target 
area  aboard  amphibious  shipping  of  the  LST,  LSD,  and  LPD 
types  hence  it  must  negotiate  the  ramps  of  the  various  ships  or 
any  future  amphibious  ships  in  both  ahead  and  astern  direction. 
Bureau  sketch  022970  LST  1-1152  class  vehicle  clearance  througli 
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tov;,  Bureau  sketch  022971  LST  1153  class  vehicle  clearance 
through  bow,  LSD  1-27  class  vehicle  clearance  through  stern 
dated  31  December  1959^  dimensions  for  clearances  for  tank 
and  cargo  stowage  LST  1173  class,  LSD  28-35  class  vehicle 
clearance  through  stern  dated  31  December  1959^  and  LPD  1 
craft  stowage  Information  dated  6  January  i960  give 
pertinent  dimensions. 

4.  RADIO  FREQUENCY  COMPATIBILITY 

a.  Provisions  for  permanent  Installation,  In  a  water¬ 
proof  box,  of  radio  transmitter-receiver  equipment  must  be 
made « 


b.  It  Is  anticipated  that  the  landing  force  radio  equipment 
to  be  governmeni/  furnlslied  will  be  eithei  the  AN/PRC  47  or 
Collins  Radio  yodel  61'"!’.  Approximate  weight  and  space 
requirements  are  as  follows: 


Collins  6i8t 

AN/PRC  47 

we Ight 

55  pound d 

Less  than  55  pounds 

height 

12  Inches 

15  Inches 

width 

24  Inches 

30  Inches 

depth 

26  Inches 

18  Inches 

c. 

Antenna  base  mountrs  -'m-  1 

be  provided , 
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